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(54) PROCESS FOR THE PREPARATION OF ORGANIC COMPOUNDS WITH IMIDE CATALYSTS 

(57) (A) A compound capable of forming a stable radical and selected from (A1) oxygen-atom-containing com- 
pounds each having a carbon- hydrogen bond at the adjacent position to an oxygen atom, (A2) carbonyl-group-contain- 
ing compounds, and (A3) compounds each having a hydrocarbon group with a methine carbon atom is allowed to react 
with (B) a radical scavenging compound selected from, for example, (B1) unsaturated compounds, and (B2) com- 
pounds each having a hydrocarbon group with a methine carbon atom, in the presence of molecular oxygen by cataly- 
sis of, for example, an imide compound shown by the following formula (1): 
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wherein each of R 1 and R 2 is a hydrogen atom or the like, where R 1 and R 2 may be combined to form a double bond, 
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or an aromatic or non-aromatic ring; X is an oxygen atom or a hydroxyl group, to yield a product of an addition or sub- 
stitution reaction of the compound (A) and the compound (B) or its oxidized product 

The process can efficiently produce a variety of organic compounds by an addition or substitution reaction using 
molecular oxygen under mild conditions. 
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Description 

Technical Held 

5 [0001] This invention relates to a process for producing an organic compound using an imide compound catalyst 
Specifically, the invention relates to a process of allowing two compounds to react with each other in the presence of a 
specific imide compound and a radical generator with respect to the imide compound to yield a product of an addition 
or substitution reaction or an oxidized product thereof by a radical mechanism. The invention also relates to a process 
for producing a hydroxy-y-butyrolactone derivative which is useful as, for example, a material for pharmaceuticals, agri- 

10 cultural chemicals, and other fine chemicals, photosensitive resins and other functional polymers. In addition and 
advantageously, the invention relates to a novel a-hydroxy-y-butyro lactone derivative, to a novel a-(meth)acryloyloxy-y- 
butyrolactone derivative, to a polymer including the compound just mentioned above as a monomelic unit, to a photo- 
sensitive resinous composition containing the polymer, and to a novel y-butyrolactone derivative having a bridged cyclic 
hydrocarbon group. 

75 

Background Art 

[0002] Some useful organic compounds are known to be produced by adding a variety of compounds to an unsatu- 
rated compound having, for example, a carbon-carbon double bond or a heteroatom-containing compound. For exam- 

20 pie, when an active methylene compound such as a malonic diester is allowed to react with an olefin having an electron 
attracting group such as acrylonitrile in the presence of a base, a carbon-carbon bond is formed by a nucleophilic addi- 
tion reaction to yield an adduct (Michael addition reaction). When two carbonyl compounds are treated in the presence 
of an acid or a base, one carbonyl compound is nucleophilically added to the other carbonyl compound and a carbon- 
carbon bond is formed to yield an aldol condensate. 

25 [0003] However, a reaction is generally performed in the presence of an acid or a base according to these proc- 
esses, and these processes cannot be applied to compounds having substituents that are unstable to acids or bases. 
According to these processes, for example, a hydroxymethyl group, an alkoxymethyl group, an acyl group, or a tertiary 
carbon atom cannot be directly bonded to a carbon atom constituting an unsaturated bond of an unsaturated compound 
or to a methine carbon atom of a bridged cyclic compound. 

30 [0004] Addition reactions to carbon-carbon double bonds and coupling reactions to form carbon-carbon bonds 
through radical mechanism are also known. However, there is significantly no process for efficiently obtaining addition 
or substitution reaction products or oxidized products thereof, for example, with molecular oxygen under mild condi- 
tions. 

[0005] Separately, some processes are known as production processes of hydroxy-y-butyrolactone derivatives. For 

35 example, European Unexamined Patent Application Publication No. 2103686 discloses a process for synthetically 
obtaining pantolactone by allowing glyoxylic acid to react with isobutylene. Japanese Unexamined Patent Application 
Publication No. 61-282373 discloses a process also for synthetically obtaining pantolactone, by allowing glyoxylic 
hydrate to react with t-butyl alcohol. Tetrahedron, 933 (1979) discloses a process for synthetically obtaining pantolac- 
tone. This process includes the steps of hydrolyzing 4-hydroxy-2-methyl-5,5,5-trichloro-1 -pentene to yield 2-hydroxy-4- 

40 metnyl-4-pentenoic acid, and cyclizing this compound in the presence of hydrochloric acid. In addition, The Chemical 
Society of Japan, Spring Annual Meeting, Lecture Proceedings II, pp. 1015 (1998) reports that light irradiation to a mix- 
ture solution containing an ct-acetoxy-a,p-unsatu rated carboxylic ester and 2-propanol yields a corresponding a-ace- 
toxy-y,y^dimethyl -y-butyrolactone derivative. However, each of these processes employs a material that is not easily 
available, or requires special conditions for the reaction. 

45 [0006] Of the butyrolactone derivatives, the following derivatives are not known: (1) spiro-type y-butyrolactone 
derivatives each having a hydroxyl group at the cc-position and a non-aromatic carbon ring bonded to the ^position, (2) 
y-butyrolactone derivatives each having a hydroxyl group at the a-position, a haloalkyl group, a substituted oxycarbonyl 
group, a cyano group, or an ary! group at the 0-position, and a hydrogen atom, a hydrocarbon group or a heterocyclic 
group bonded to the -/-position, (3) y-butyrolactone derivatives each having a hydroxyl group at the a-position, and a 

so hydrogen atom and a group selected from hydrocarbon groups and heterocyclic groups bonded to the y-position, and 
(4) a-hydroxy-y-butyrolactone derivatives each having a bridged cyclic hydrocarbon group bonded to the y-position, and 
(meth)acryloyl derivatives thereof. In addition, substantially no process can easily and efficiently produce y-butyrolac- 
tone derivatives each having a hydroxyl group at the {^-position. 

[0007] Separately, a lithography technique is used for the formation of fine patterns of semiconductor integrated cir- 
55 cuits. The lithography technique includes the steps of covering the substrate having a thin film formed thereon (work) 
with a resist, subjecting the work to selective exposure to yield a latent image of a target pattern, subjecting the work to 
developing to form a patterned resist, dry-etching the work using the pattern as a mask, and then removing the resist 
to yield the target pattern. In this lithography technique, g-ray, i-ray, and other ultraviolet rays are used as light sources. 
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• However, with an increasing fineness of patterns, far ultraviolet rays, vacuum ultraviolet rays, excimer laser beams, elec- 
tron beams, x-rays and other rays having a shorter wavelength are employed as the light sources. 
[0008] To form fine patterns using such a short-wavelength light source (e.g., ArF excimer laser), the resist used 
must have a satisfactory transparency at the wavelength of the light source, have a good adhesion to the substrate, be 

5 resistance to dry etching, and be satisfactorily soluble in a developer in development As such resist materials, polymers 
of polymerizable monomers each having abridged ring or a lactone ring have receive attention in recent years. 
[0009] For example, Japanese Unexamined Patent Application Publication No. 9-73173 proposes a resist material 
as a photoresist suitable for a short-wavelength light source. This resist material includes a polymer and an acid gen- 
erator, and the polymer comprises a structural unit which is protected by adamantane or another alicyclic hydrocarbon 

10 group and is to be eliminated by action of an acid to make the polymer soluble in alkalis. The resist material includes 
no aromatic ring, is thus transparent to the ArF excimer laser light or the like, and is satisfactorily resistant to dry etch- 
ing. However, the resist material may not be rapidly dissolved in a developer, because the protective moiety is not suf- 
ficiently eliminated by an acid generated through light irradiation. Accordingly, the resist material is still insufficient in 
definition (photosensitivity, sensitivity), and is still insufficient in adhesion to a substrate. 

15 

Disclosure of Invention 

[0010] Accordingly, an object of the invention is to provide a process for efficiently producing an organic compound 
by an addition or substitution reaction under mild conditions. 
20 [001 1] Another object of the inventipn is to provide a process for producing an organic compound, which can bond, 
for example, a hydroxymethyl group, an alkoxymethyl group, an acyl group, a tertiary carbon atom directly to, for exam- 
ple, a carbon atom constituting an unsaturated bond of an unsaturated compound or to a methine carbon atom of a 
bridged cyclic compound. 

[0012] A further object of the invention is to provide a process for obtaining a corresponding 1 ,3-di hydroxy com- 
25 pound in a good yield from an alcohol, an unsaturated compound, and oxygen. 

[0013] Yet another object of the invention is to provide a process for producing an a-hydroxy-y-butyrolactone deriv- 
ative from easily available materials under mild conditions. 

[0014] Still another object of the invention is to provide a spiro-type a-hydroxy-^butyrolactone derivative having a 
non-aromatic carbon ring bonded to the y-posrtion. 
30 [001 5] Another object of the invention is to provide a process for easily and efficiently producing a p-hydroxy-^buty- 
rolactone derivative. 

[001 6] Yet another object of the invention is to provide a sensitive resinous composition that is rapidly dissolved in 
a developer by actin of an acid generated through light irradiation and can stably and precisely form fine patterns, and 
to provide an acid-sensitive polymer and material compounds thereof which are useful for obtaining the sensitive res- 
35 inous composition. 

[0017] A further object of the invention is to provide a sensitive resinous composition that can form a resist film hav- 
ing a satisfactory adhesion to a substrate, and to provide an acid-sensitive polymer and its material compound which 
are useful for obtaining the sensitive resinous composition. 

[0018] Still another object of the invention is to provide a novel a-hydroxy-y-butyrolactone derivative having a 
40 bridged cyclic hydrocarbon group bonded to the Y-position and its (meth)acryloyl derivative. 

[O019] Another object of the invention is to provide a novel y-butyrolactone derivative, which is useful as a mono- 
melic material of an acid-sensitive polymer constituting a photoresist resinous composition. 

[0020] Yet another object of the invention is to provide a corresponding conjugated unsaturated compound from an 
alcohol, an unsaturated compound, and oxygen. 
45 [0021] A further object of the invention is to provide a process for producing a corresponding 0-hydroxyacetal com- 
pound from an acetal, an unsaturated compound, and oxygen in a good yield. 

[0022] Still another object of the invention is to provide a process for producing a corresponding hydroxy compound 
from a compound having a methine carbon atom, an unsaturated compound, and oxygen in a good yield 
[0023] Another object of the invention is to provide a process for producing a corresponding carbonyl compound 
so from a compound having a methine carbon atom, an unsaturated compound, and oxygen in a good yield. 

[0024] Yet another object of the invention is to provide a process for producing a compound having an electron 
attracting group from a compound having a methine carbon atom, an unsaturated compound, and oxygen in a good 
yield. 

[0025] A further object of the invention is to provide a process for producing a corresponding coupling product from 
55 an alcohol, a compound having a methine carbon atom, and oxygen in a good yield. 

[0026] Still another object of the invention is to provide a process for producing a corresponding coupling product 
from a compound having a methine carbon atom, and oxygen in a good yield. 

[0027] After intensive investigations to achieve the above objects, the present inventors found that the use of an 
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imide compound having a specific structure can yield a corresponding addition or substitution reaction product or an 
oxidized product thereof, under mild conditions, through a reaction of a compound which is capable of forming a stable 
radical with a radical scavenging compound in the presence of oxygen and/or a radical generator with respect to the 
imide compound. 

[0028] The present inventors also found that a corresponding a-hydroxy-^butyrolactone derivative can be obtained 
under mild conditions by a reaction of an alcohol with an a, 0- unsaturated carboxylic acid derivative in the presence of 
molecular oxygen by catalysis of the imide compound having a specific structure; that the a-hydroxy-y-butyrolactone 
derivative can be easily and efficiently isomerized into a corresponding p-hydroxy-y-butyro lactone derivative by dissolv- 
ing the a-hydroxy-y^butyrolactone derivative in a solvent; and that when a polymer including a (meth)acrylate derivative 
derived from the a-hydroxy-y-butyrolactone derivative is used as a photoresist resin, a lactone ring moiety is rapidly 
eliminated from the polymer by action of an acid formed from a light-activatable acid generator through light irradiation, 
and the polymer and the eliminated moiety can be easily dissolved in a developer and can be removed. This photoresist 
resin can markedly improve the definition and developing efficiency and has a satisfactory adhesion to a substrate. 
[0029] They also found that a novel a-hydroxy-y-butyrolactone derivative having a bridged cyclic hydrocarbon group 
bonded to the position can be obtained by allowing an alcohol having a bridged cyclic hydrocarbon group to react with 
an a,p-unsatu rated carboxylic acid derivative in the presence of molecular oxygen by catalysis of the imide compound 
having a specific structure; and that a novel y-butyrolactone derivative can be obtained by converting the a-hydroxy-7^ 
butyrolactone derivative into a (meth)acryloyl derivative, where the v-butyro lactone derivative is useful as a monomelic 
material of an acid-sensitive polymer. 

[0030] In addition and advantageously, the present inventors found that a corresponding conjugated unsaturated 
compound or compound having an electron attracting group can be obtained under mild conditions by allowing a spe- 
cific alcohol or a compound having a methine carbon atom to react with a specific unsaturated compound in the pres- 
ence of molecular oxygen by catalysis of the imide compound having a specific structure. 
[0031] The present invention has been accomplished on the basis of these findings. 

[0032] Specifically, the invention provides a process for producing an organic compound. The process includes the 
step of allowing (A) a compound capable of forming a stable radical and selected from (A1 )oxygen-atom-containing 
compounds each having a carbon-hydrogen bond at the adjacent position to an oxygen atom, (A2) carbonyl-group-con- 
taining compounds, and (A3) compounds each having a hydrocarbon group with a methine carbon atom to react with 
(B) a radical scavenging compound selected from (B1) unsaturated compounds, (B2) compounds each having a hydro- 
carbon group with a methine carbon atom, and (B3) heteroatom-containing compounds, provided that if a 1,2-dicarbo- 
nyl compound or its hydroxy reductant is used as the compound (A), the compound (B) is a radical scavenging 
compound selected from the compounds (B1) and (B3), in the presence of a catalytic imide compound shown by the 
following formula (1 ): 




wherein each of R 1 and R 2 is, identical to or different from each other, a hydrogen atom, a halogen atom, an alkyl group, 
an aryi group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxycarbonyl group, or an 
acyl group, where R 1 and R 2 may be combined to form a double bond, or an aromatic or non-aromatic ring; X is an oxy- 
gen atom or a hydroxyl group; and one or two N-substituted cyclic imido groups indicated in the formula (1) may be fur- 
ther bonded to the R 1 , R 2 , or to the double bond or aromatic or non-aromatic ring formed together by R 1 and R 2 , 
and in the presence of oxygen and/or a radical generator with respect to the imide compound, to yield a product of an 
addition or substitution reaction of the compound (A) and the compound (B) or an oxidized product thereof. 
[0033] In the process for producing an organic acid, (A1 1) an alcohol shown by the following formula (2): 
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OH 

R a R fa 

wherein each of R* and R h is, identical to or different from each other, a hydrogen atom or an organic group, where R a 
w and R b may be combined to form a ring with the adjacent carbon atom, may be allowed to react with (B11 ) an active 
olefin shown by the following formula (3): 



is 



25 



30 



40 



45 



50 



*5 



s-<r 



(3) 



20 wherein each of R c . R d and R e is. identical to or different from one another, a hydrogen atom or an organic group; and 
Y is an electron attracting group, where R c , R d , R e , and Y may be combined to form a ring with the adjacent carbon 
atom or carbon-carbon bond, 

in the presence of molecular oxygen by catalysis of the imide compound of the formula (1 ), to yield a 1 ,3-dihydroxy com- 
pound shown by thefollowing formula (4): 



R b HO R e 




(4) 



wherein R a , R b , R c , R d , R* and Y have the same meanings as defined above. 
35 [0034] The invention provides, in another aspect, a process for producing an a-hydroxy-y-butyrolactone derivative. 
This process includes the step of allowing (AT 1 ) the alcohol shown by the formula (2) to react with (B1 2) an ©^-unsatu- 
rated carboxylic acid derivative shown by the following formula (5): 




f (5) 

C02R f 

wherein each of R c , R d , R e , and R f is, identical to or different from one another, a hydrogen atom or an organic group, 
where R c , R d and R e may be combined to form a ring with the adjacent carbon atom or carbon-carbon bond, 
in the presence of molecular oxygen by catalysis of the imide compound of the (1 ) to yield an a-hydroxy-y-butyrolactone 
derivative shown by the following formula (6): 




(6) 
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wherein R a , R b , R c , R d , and R e have the same meanings as defined above. 

[0035] In a further aspect, the invention provides a process for producing a g-hydroxy-y-butyrolactone derivative. 
The process includes the step of dissolving an a-hydroxy-^butyrolactone derivative shown by the following formula 
(6a): 



10 



15 



20 




(6a) 



wherein each of R a and R b is, identical to or different from each other, a hydrogen atom or an organic group, where R a 
and R b may be combined to form a ring with the adjacent carbon atom, and each of R c and R e is, identical to or different 
from each other, a hydrogen atom or an organic group, where R c and R e may be combined to form a ring with the adja- 
cent carbon-carbon bond, in a solvent to yield a P-hydroxy-^butyrolactone derivative shown by the following formula (7): 



25 




(7) 



30 



35 



wherein R a , R b , R c , and R e have the same meanings as defined above. 

[0036] In another aspect, the invention provides an a-hydroxy-y-butyrolactone derivative (hereinafter referred to as 
"a-hydroxy-y-butyrolactone derivative 1 B ) shown by the following formula (6b): 




(6b) 



40 



45 



50 



wherein ring A is a non-aromatic carbon ring, each of R c , R d , and R e is, identical to or different from one another, a 
hydrogen atom or an organic group, where R c , R d and R e may be combined to form a ring with the adjacent carbon 
atom or carbon-carbon bond. 

[0037] In addition, the invention provides an a-hydroxy-y-butyrolactone derivative (hereinafter referred to as "a- 
hydroxy-y-butyrolactone derivative 2") shown by the following formula (6c): 




(6c) 



55 wherein each of R al and R D1 is, identical to or different from each other, a hydrogen atom, a hydrocarbon group, or a 
heterocyclic group, where R a1 and R b1 may be combined to form a ring with the adjacent carbon atom; R c1 is a haloalkyl 
group, a substituted oxycarbonyl group, a cyano group, or an aryl group; each of R d and R e is, identical to or different 
from each other, a hydrogen atom or an organic group, where R c1 , R d , and R e may be combined to form a ring with the 
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adjacent carbon atom or carbon-carbon bond. 

[0038] The invention also provides another a-hydroxy^utyrolactone derivative. This derivative (hereinafter 
referred to as "a-hydroxy-ybuty rolactone derivative 3") is shown by the following formula (6d): 



10 




(6d> 



75 



wherein R b2 is, identical to or different from each other, a hydrocarbon group or a heterocyclic group, and each of R c , 
R d , and R e is, identical to or different from one another, a hydrogen atom or an organic group, where R c , R d , and R e 
may be combined to form a ring with the adjacent carbon atom or carbon-carbon bond. 

[0039] In yet another aspect, the invention provides an a-(meth)acryloyloxy-Y-butyrolactone derivative shown by the 
following formula (8): - 



20 



25 



R*0 
Cffe'C-C-O 




(8) 



30 wherein each of R 33 and R^ 3 is, identical to or different from each other, a hydrogen atom, a hydrocarbon group, or a 
heterocyclic group, where R a3 and R 153 may be combined to form a ring with the adjacent carbon atom; each of R c , R d , 
and R e is, identical to or different from one another, a hydrogen atom or an organic group, where R c , R d , and R e may 
be combined to form a ring with the adjacent carbon atom or carbon-carbon bond; and R9 is a hydrogen atom or a 
methyl group. 

35 [0040] The invention provides, in another aspect, a polymer including a structural unit shown by the following for- 
mula (9): 



40 



45 




(9) 



so wherein each of R a3 and R M is, identical to or different from each other, a hydrogen atom, a hydrocarbon group, or a 
heterocyclic group, where R a3 and R 53 may be combined to form a ring with the adjacent carbon atom; each of R c , R d 
and R e is, identical to or different from one another, a hydrogen atom or an organic group, where R c . R d , and R e may 
be combined to form a ring with the adjacent carbon atom or carbon-carbon bond; and R9 is a hydrogen atom or a 
methyl group. 

55 [0041] In addition, the invention provides a photosensitive resinous composition. The composition includes the pol- 
ymer just mentioned above and a light-activatable acid generator. 

[0042] In a further aspect, the invention provides a 7-butyrolactone derivative shown by the following formula (1 0): 
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0 




(10) 



wherein R is a hydrogen atom or a (meth)acryloyl group; each of R a , R c , R d , and R e is, identical to or different from one 
another, a hydrogen atom or an organic group; and R 64 is a bridged cyclic hydrocarbon group, where R c , R d , and R e 
may be combined to form a ring with the adjacent carbon atom or carbon-carbon bond. 

[0043] In this Y-butyrolactone derivative, the bridged cyclic hydrocarbon group may be a bicyclic or tricyclic bridged 
hydrocarbon group. The bridged ring in the bridged cyclic hydrocarbon group includes, but is not limited to, an adaman- 
tane ring, a perhydroindene ring, a decaiin ring, a perhydrofluorene ring, a perhydroanthracene ring, a perhydrophen- 
anthrene ring, a tricyclo[5.2.1 .O^decane ring, a perhydroacenaphthene ring, a perhydrophenalene ring, a norbornane 
ring, and a norbornene ring. 

[0044] Further, the invention provides a process for producing a conjugated unsaturated compound. This process 
■ includes the step of allowing (A12) an alcohol shown by the following formula (2a): 



(2a) 



wherein each of R' and R 5 is, identical to or different from each other, a hydrogen atom or an organic group, where R* 
and R* may be combined to form a ring with the adjacent carbon atom, to react with (B13) an active olefin shown by the 
following formula (3a): 




(3a) 




wherein each of R and R e is, identical to or different from each other, a hydrogen atom or an organic group; and Y is 
an electron attracting group, where R d , R e and Y may be combined to form a ring with the adjacent carbon atom or car- 
bon-carbon bond, 

in the presence of molecular oxygen by catalysis of the imide compound of the formula (1 ) to yield a conjugated unsatu- 
rated compound shown by the following formula (11): 




(11) 



wherein R d , R e , R 1 , Ri, and Y have the same meanings as defined above. 

[0045] In the aforementioned process for producing an organic compound, when (A13) an acetal shown by the fol- 
lowing formula (12): 
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R k - 



CH 



\ 



O-R" 

o-r" 



(12) 



10 



15 



20 



wherein each of R k , R m , and R n is, identical to or different from one another, a hydrogen atom or an organic group, 
where R m and R n may be combined to form a ring with the adjacent two oxygen atoms and the carbon atom indicated 
in the formula, is allowed to react with (B1 1) the active olefin of the formula (3) in the presence of molecular oxygen by 
catalysis of the imide compound of the formula (1), a P-hydroxyacetal compound shown by the 



0 HO 




(13) 



following formula (13): wherein R c , R d , R e , R k , R m , R n , and Y have the same meanings as defined above, can be 
obtained: 

25 [0046] In the process for producing an organic compound, (A31) a compound having a methine carbon atom and 
being shown by the following formula (14): 



30 



i 

R 



(14) 



35 



40 



wherein each of R°, RP, and R q is, identical to or different from one another, an organic group, where R°, R p , and R q 
may be combined to form a ring with the adjacent carbon atom, may be allowed to react with (B1 1) the active olefin of 
the formula (3) in the presence of molecular oxygen by catalysis of the imide compound of the formula (1), to yield at 
least one hydroxy compound selected from the following formulae (15) and (1 6): 



45 





50 



(15) 



(16) 



55 



wherein R c , R d , R e , R°, RP R q and Y have the same meanings as defined above. 

[0047] In the process for producing an organic compound, (A31) the compound of the formula (14) having a 
methine carbon atom may be allowed to react with (B1 4) an active olefin shown by the following formula (3b): 
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(3b) 



10 



wherein each of R c and R d is, identical to or different from each other, a hydrogen atom or an organic group; and Y is 
an electron attracting group, where R c , R d , and Y may be combined to form a ring with the adjacent carbon atom or car- 
bon-carbon bond, 

in the presence of molecular oxygen by catalysis of the imide compound of the formula (1), to yield a carbonyl com- 
pound shown by the following formula (1 7): 



15 



20 




(17) 



25 



wherein R c , R d , R°, R p , R q and Y have the same meanings as defined above. 

[0048] In addition and advantageously, the invention provides a process for producing a compound having an elec- 
tron attracting group. This process includes the step of allowing (A31) the compound of the formula (14) having a 
methine carbon atom to react with (B15) an active olefin shown by the following formula (3c): 




35 wherein R e is a hydrogen atom or an organic group; and Y is an electron attracting group, 

in the presence of molecular oxygen by catalysis of the imide compound of the formula (1), to yield an organic com- 
pound shown by the following formula (1 8): 



40 




(18) 



wherein R e , R°, R p , R q , and Y have the same meanings as defined above. 

[0049] Further in the process for producing an organic compound, (A1 1 ) the alcohol of the formula (2) may be 
allowed to react with (B21 ) the compound of the formula (14) having a methine carbon atom in the presence of molec- 
so ular oxygen by catalysis of the imide compound of the formula (1), to yield an alcohol shown by the following formula 
(19): 
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R a R° 

H0-C-C-R p (19) 
R b R« 

wherein R a , R b , R°, R p , and R q have the same meanings as defined above. 

[0050] In addition, in the process for producing an organic compound, (A32) a compound having a methine carbon 
atom and shown by the following formula (14a): 

R o1 

R P -CH (14a) 
R ql 



wherein each of R°\ R p1 and R q1 is, identical to or different from one another, an organic group, where R° 1 , R p1 and 
R q1 may be combined to form a ring with the adjacent carbon atom, may be allowed to react with (B22) a compound 
having a methine carbon atom and shown by the following formula (14b): 



>o2 



I 

CH 
R q2 



(14b) 



wherein each of R° 2 , R p2 and R q2 is, identical to or different from one another, an organic group, where R 02 , R* 32 and 
R^ may be combined to form a ring with the adjacent carbon atom, in the presence of molecular oxygen by catalysis 
of the imide compound of the formula (1), to yield a coupling product shown by the following formula (20): 

R ol R° 2 

R pl -C-C-R p2 (20) 
• K q2 



wherein R° 1 , R p1 , R q1 , R° 2 R p2 and R q2 have the same meanings as defined above. 

[0051] A metallic compound can be used as a co-catalyst in the production process of an organic acid, the produc- 
tion process of an a- hydroxy-Y-butyro lactone derivative, the production process of a conjugated unsaturated com- 
pound, and the production process of a compound having an electron attracting group. 

[0052] The term 'organic group" in the present description is used in a wide meaning and includes not only carbon- 
atom-containing groups but also, for example, a halogen atom, a hydroxyl group, a mercapto group, an amino group, a 
nitro group, a sulfonic acid group, and other groups each containing a non-metallic atom. 

Best Mode for Carrying Out the Invention 

[imide Compound] 

[0053] The imide compounds of the formula (1 ) are used as catalysts in the invention. Of the substituents R 1 and 
R 2 in the imide compounds, the halogen atom includes iodine, bromine, chlorine and fluorine. The alkyl group includes, 
but is not limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl, heptyl, octyl, decyl, and 
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other straight- or branched-chain alkyl groups each having about 1 to 10 carbon atoms. Preferred alkyl groups are alkyl 
groups each having about 1 to 6 carbon atoms, and are typically preferably lower alkyl groups each having about 1 to 
4 carbon atoms. 

[0054] The aryl group includes phenyl, and naphthyl groups, for example. Illustrative cycloalkyl groups include 
cyclopentyl, and cyclohexyl groups. Illustrative aikoxy groups are methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobu- 
toxy, t-butoxy, pentyloxy, hexyloxy, and other aikoxy groups each having about 1 to 1 0 carbon atoms, and preferably hav- 
ing about 1 to 6 carbon atoms. Among them, lower aikoxy groups each having about 1 to 4 carbon atoms are especially 
preferred. 

[0055] Examples of the alkoxycarbonyl group include methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopro- 
poxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, t-butoxycarbonyl, pentyloxycarbonyl, hexyloxycarbonyl, and other 
alkoxycarbonyl groups each having about 1 to 1 0 carbon atoms in the aikoxy moiety. Preferred alkoxycarbonyl groups 
are alkoxycarbonyl groups each having about 1 to 6 carbon atoms in the aikoxy moiety, and are especially lower alkox- 
ycarbonyl groups each having about 1 to 4 carbon atoms in the aikoxy moiety. 

[0056] The illustrative acyl groups include, for example, formyl, acetyl, propionyl, butyryl, isobutyryl, valeryi, isova- 
leryl, pivaloyl, and other acyl groups each having about 1 to 6 carbon atoms. 

[0057] The substituents R 1 and R 2 may be identical to or different from each other. The substituents R 1 and R 2 in 
the formula (1) may be combined to form a double bond, or an aromatic or non-aromatic ring. The preferred aromatic 
or non-aromatic ring is a 5- to 12-membered ring, and especially a 6- to 10-membered ring. The ring may be a hetero- 
cyclic rir^ or condensed heterocyclic ring, but it is often a hydrocarbon ring. Such rings include, for example, non-aro- 
matic alicyclic rings (e.g., cyclohexane ring and other cycloaikane rings which may have a substituent, cyclohexene ring 
and other cycloalkene rings which may have a substituent), non-aromatic bridged rings (e.g., 5-norbornene rinoj and 
other bridged hydrocarbon rings which may have a substituent), benzene ring, naphthalene ring, and other aromatic 
rings (including condensed rings) which may have a substituent. The ring is composed of an aromatic ring in many 
cases. The ring may have a substituent such as an alkyl group, a haloalkyl group, a hydroxyl group, an aikoxy group, a 
carboxyi group, an alkoxycarbonyl group, an acyl group, a nitro group, a cyano group, an amino group, or a halogen 
atom. 

[0058] In the formula (1), X represents an oxygen atom or a hydroxyl group, and the bond between the nitrogen 
atom N, and X is a single bond or a double bond. 

[0059] To R 1 , R 2 , or to the double bond or aromatic or non-aromatic ring formed together by R 1 and R 2 , one or two 
N-substituted cyclic imido groups indicated in the formula (1) may be further bonded. For example, when R 1 or R 2 is an 
alkyl group having two or more carbon atoms, the, N-substituted cyclic imido group may be formed together with the 
adjacent two carbon atoms constituting the alkyl group. Likewise, when R 1 and R 2 are combined to form a double bond, 
the N-substituted cyclic imido group may be formed together with the double bond. In case that R 1 and R 2 are combined 
to form an aromatic or non-aromatic ring, the N-substituted cyclic imido group may be formed with the adjacent two car- 
bon atoms constituting the ring. 

[0060] Preferred imide compounds include compounds of the following formulae: 
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R 1 



0 
ii 
C 



c 
II 

0 



(la) 



0 
II 

c 



c 

II 

0 



N-X 



(lb) 




^X 



(lc) 




-X 




^X 



(le) 




«X 



wherein R 3 to R 6 are each, identical to or different from each other, a hydrogen atom, an alkyl group, a haloalkyl group, 
a hydroxy! group, an alkoxy group, a carboxyl group, an. alkoxycarbonyl group, an acyl group, a nitro group, a cyano 
group, an amino group, or a halogen atom, where, adjacent groups of R 3 to R 6 may be combined to form an aromatic 
or non-aromatic ring; in the formula (If), A is a methylene group or an oxygen atom, and R 1 and R 2 have the same 
meanings as defined above, where one or two N-substituted cyclic imido groups indicated in the formula (1c) may be 
further bonded to the benzene ring in the formula (1 c); and X has the same meanings as defined above. 
[0061] In the substituents R 3 to R 6 , the alkyl group includes similar alkyl groups to those exemplified above, espe- 
cially alkyl groups each having about 1 to 6 carbon atoms. The haloalkyl group includes trifiuoromethyl group, and other 
haloalkyl groups each having about 1 to 4 carbon atoms, and the alkoxy group includes similar alkoxy groups to those 
mentioned above, and especially lower alkoxy groups each having about 1 to 4 carbon atoms. The alkoxycarbonyl 
group includes similar alkoxycarbonyl groups to those described above, particularly lower alkoxycarbonyl groups each 
having about 1 to 4 carbon atoms in the alkoxy moiety. The acyl group includes similar acyl groups to those described 
above, especially acyl groups each having about 1 to 6 carbon atoms. The illustrative halogen atoms include fluorine, 
chlorine and bromine atoms. Each of the substituents R 3 to R 6 is often a hydrogen atom, a lower alkyl group having 
about 1 to 4 carbon atoms, a carboxyl group, a nitro group, or a halogen atom. The ring formed together by R 3 to R 6 
includes similar rings to the aforementioned rings which are formed together by R 1 and R 2 . Among them, aromatic or 
non-aromatic 5- to 12-membered rings are particularly preferred. 

[0062] Illustrative preferred imide compounds include N-hydroxysuccinimide, N-hydroxymale imide, N-hydroxyhex- 
ahydrophthalimide, N^'-dihydroxycyclohexanetetracarboximide, N-hydroxyphthalimide, N-hydroxytetrabromoph- 
thalimide, N-hydroxytetrachlorophthalimide, N-hydroxychlorendimide, N-hydroxy him imide, N-hydroxytrimellftimide, 
N,N'-dihydroxypyromellitimide, and N^'-dihydroxynaphthalenetetracarboximide. 

[0063] The imide compounds of the formula (1 ) can be prepared by a conventional imidation process (a process for 
the formation of an imide), such as a process that comprises the steps of allowing a corresponding acid anhydride to 
react with hydroxylamine NH 2 OH for ring-opening of an acid anhydride group, and closing the ring to form an imide. 
[0064] Such acid anhydrides include succinic anhydride, maleic anhydride, and other saturated or unsaturated 
aliphatic dicarboxylic anhydrides, tetrahydrophthalic anhydride, hexahydrophthalic anhydride (1 ,2-cyclohexanedicarbo- 
xylic anhydride), 1 ,2,3,4-cyclohexanetetracarboxylic 1 ,2-dian hydride, and other saturated or unsaturated non-aromatic 
cyclic polycarboxylic anhydrides (alicyclic polycarboxylic anhydrides), HET anhydride (chlorendic anhydride), himic ' 
anhydride, and other bridged cyclic polycarboxylic anhydrides (alicyclic polycarboxylic anhydrides), phthalic anhydride, 
tetrabrornophthaiic anhydride, tetrachlorophthalic anhydride, nitrophthalic anhydride, trimellitic anhydride, methylcy- 
clohexenetricarboxyiic anhydride, pyromellitic anhydride, mellitic anhydride, 1 ,8;4,5-naphthalenetetracarboxylic dianhy- 
dride, and other aromatic polycarboxylic anhydrides. 

[0065] Typically preferred imide compounds include N-hydroxyimide compounds derived from alicyclic polycarbox- 
ylic anhydrides or aromatic polycarboxylic anhydrides, of which N-hydroxyphthaiimide and other N-hydroxyimide com- 



14 



EP 1 055 654 A1 

pounds derived from aromatic polycarboxylic anhydrides are especially preferred. 

[0066] Each of the imide compounds of the formula (1 ) can be used alone or in combination. The imide compounds 
can be used as being supported by a carrier. As such carriers, activated carbon, zeolite, silica, silica-alumina, bentonite, 
and other porous carries are frequently employed. 
5 [0067] The proportion of the imide compound can be selected within a wide range, and is, for example, from about 
0.0001 to 1 mole, preferably from about 0.001 to 0.5 mole, and more preferably from about 0.01 to 0.4 mole, relative to 
1 mole of the compound that is used in a less proportion between the compound (A) which is capable of forming a sta- 
ble radical and the radical scavenging compound (B). The imide compound is frequently used in a proportion ranging 
from about 0.05 to 0.35 mole. 

10 

[Promoter (Co-catalyst)] 

[0068] In the inventive process, a metallic compound as a promoter (co-catalyst) can be used in combination with 
the imide compound. The combination use of the imide compound with the metallic compound can improve or enhance 
15 the rate and selectivity of a reaction. 

[0069] Metallic elements for constituting such metallic compounds are not critical and can be any of metallic ele- 
ments of the Groups 1 to 1 5 of the Periodic Table of Elements. The term "metallic element" as used herein also includes 
boron, B. Examples of the metallic elements include, of the Periodic Table of Elements, Group 1 elements (e.g., Li, Na, 
K), Group 2 elements {e.g., Mg, Ca, Sr, Ba), Groups 3 elements (e.g., Sc, lanthanoid elements, actinoid elements), 
20 Group 4 elements (e.g.. Ti. Zr, Hf). Group 5 elements (e.g., V), Group 6 elements (e.g., Cr, Mo, W), Group 7 elements 
(e.g., Mn), Group 8 elements (e.g., Fe, Ru), Group 9 elements (e.g., Co, Rh), Group 10 elements (e.g., Ni, Pd, Pt), 
Group 11 elements (e.g.. Cu), Group 12 elements (e.g., Zn), Groups 13 elements (e.g., B, Al, In), Group 14 elements 
(e.g., Sn, Pb). and Group 15 elements (e.g., Sb, Bi). Preferred metallic elements include transition metal elements (ele- 
ments of Groups 3 to 12 of the Periodic Table of Elements). Among them, elements of the Groups 5 to 11, especially 
25 elements of Groups 6.7 and 9 of the Periodic Table of Elements are preferred, of which V, Mo, Co and Mn are typically 
preferred. The valence of the metallic element is not critical, and is about 0 to 6 in many cases. 
[0070] The metallic compounds include, but are not limited to, elementary substances, hydroxides, oxides (includ- 
ing complex oxides), halides (fluorides, chlorides, bromides, and iodides), salts of oxoacids (e.g., nirates, sulfates, 
phosphates, borates, and carbonates), oxoacids, isopolyacids, heteropolyacids, and other inorganic compounds of the 
30 aforementioned metallic elements; salts of organic acids (e.g., salts of acetic acid, propionic acid, hydrocyanic acid, 
naphthenic acid, and stearic acid), complexes, and other organic compounds of the metallic elements. Ligands consti- 
tuting the complexes include OH (hydroxo), alkoxy (e.g., methoxy, ethoxy, propoxy, and butoxy), acyl (e.g., acetyl, and 
propionyl), alkoxycarbonyl (e.g., methoxycarbonyl, and ethoxycarbonyl), acetylacetonato, cyclopentadienyl group, hal- 
ogen atoms (e.g., chlorine and bromine), CO, CN, oxygen atom, H 2 0 (aquo), phosphines (e.g., triphenylphosphine and 
35 other triarylphosphines), and other phosphorus compounds, NH 3 (ammine), NO, N0 2 (nitro), N0 3 (nitrato), ethylenedi- 
amine, diethylenetriamine, pyridine, phenanthroline, and other nitrogen-containing compounds. 
[0071] Concrete examples of the metallic compounds include, by taking cobalt compounds as example, cobalt 
hydroxide, cobalt oxide, cobalt chloride, cobalt bromide, cobalt nitrate, cobalt sulfate, cobalt phosphate; and other inor- 
ganic compounds; cobalt acetate, cobalt naphthenate, cobalt stearate, and other salts of organic acids; acetylacetona- 
40 tocobalt, and other complexes, and other divalent or trivalent cobalt compounds. Illustrative vanadium compounds 
include vanadium hydroxide, vanadium oxide, vanadium chloride, vanadyl chloride, vanadium sulfate, vanadyl sulfate, 
sodium vanadate, and other inorganic compounds; acetylacetonatovanadium, vanadyl acetylacetonato, and other com- 
plexes, and other vanadium compounds having a valence of 2 to 5. Illustrative molybdenum compounds include molyb- 
denum hydroxide, molybdenum oxide, molybdenum chloride, molybdenum bromide, molybdenum sulfide, molybdic 
45 acid or its salts, phosphomolybdic acid or its salts, silicomolybdic acid or its salts, and other inorganic compounds; 
molybdenum carbonyl, bis(acetylacetonato)dioxomolybdenum, chlorotricarbonyl(7i-cyclopentadienyl)molybdenum, 
dibromobis(r|-cyclopentadienylmolybdenum, and other complexes, and other molybdenum compounds having a 
valence of 0 to 6. Examples of compounds of the other metallic elements include compounds corresponding to the 
above-mentioned cobalt, vanadium or molybdenum compounds. Each of the metallic compounds can be used alone or 
so in combination. Particularly, the combination use of a divalent metallic compound (e.g., a divalent cobalt compound) 
with a trivalent metallic compound (e.g., a trivalent cobalt compound) can increase the yield and selectivity of a target 
compound. 

[0072] The proportion of the metallic compound is, for example, about 0.0001 to 0.7 mole, preferably about 0.001 
to 0.5 mole, more preferably about 0.002 to 0.1 mole, and frequently about 0.005 to 0.05 mole, relative to 1 mole of the 
55 compound that is used in a less proportion between the compound (A) and the compound (B). 
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[0073] As the oxygen, either of molecular oxygen and nascent oxygen can be used. Such molecular oxygen 
includes, but is not limited to, pure oxygen, and oxygen diluted with an inert gas such as nitrogen, helium, argon or car- 
bon dioxide. Air is preferably used as the molecular oxygen from the viewpoints of operating property and safety, as well 
as cost efficiency. The oxygen may be used in excess moles relative to the compound that is used in a less proportion 
between the compound (A) and the compound (B). 

[0074] The term "radical generator" for use in the invention is employed in a wide range of meanings and includes 
any substances that are capable of forming a radical (>NO • ) on an oxygen atom bonded to a nitrogen atom of the 
imide compound. Such radical generators include, but are not limited to, halogens (e.g., iodine, bromine, and chlorine), 
peroxides, and other radical initiators; carbon monoxide, nitrogen oxides, sulfur oxides, and other oxygen-atom-contain- 
ing gases (oxidizing gases); electrodes; aldehydes and other precursors of peroxides. The metallic compounds can be 
also classified as radical generators. Each of these radical generators can be used alone or in combination. The 
amount of the radical generator may be a catalytic amount, but may be excess moles relative to the compound that is 
used in a less proportion between the compound (A) and the compound (B). 
[0075] Either or both of the oxygen and the radical generator may be used. 

[Compound (A) Capable of Forming Stable Radical] 

[0076] The compounds (A) capable of forming a stable radical include (A1) oxygen -atom-containing compounds 
each having a carbon-hydrogen bond at the adjacent position to an oxygen atom, (A2) carbonyl-group-containing com- 
pounds, and (A3) compounds each having a hydrocarbon group with a methine carbon atom. Each of these compounds 
can be used alone or in combination. These compounds may have various substituents within a range not adversely 
affecting the reaction. The compound (A) capable of forming a stable radical serves as a radical donating compound in 
the reaction in question. 

[0077] The oxygen-atom-containing compounds (A1 ) each having a carbon-hydrogen bond at the adjacent position 
to an oxygen atom include, but are not limited to, (A1-1) primary or secondary alcohols, (A1-2) ethers each having a 
carbon-hydrogen bond at the adjacent position to an oxygen atom, and (A1-3) acetals (including hemiacetals) each 
having a carbon-hydrogen bond at the adjacent position to an oxygen atom. 

[0078] The primary or secondary alcohols (A1 -1 ) include a wide variety of alcohols. Such alcohols may be any of 
monohydric alcohols, dihydric alcohols or polyhydric alcohols. 

[0079] Illustrative primary alcohols include, but are not limited to, methanol, ethanol, 1-propanol, 1-butanol, 2- 
methyl-1-propanol, 1-pentanol, 1-hexanol, 1-octanol, 1-decanol, 1 -hexadecanol, 2-buten-1-ol, ethylene glycol, trimeth- 
ylene glycol, hexamethylene glycol, pentaerythritol, and other saturated or unsaturated aliphatic primary alcohols each 
having about 1 to 30 (preferably about 1 to 20, and more preferably about 1 to 15) carbon atoms; cyclopentylmethyl 
alcohol, cyclohexylmethyl aJcohol, 2-cyclohexylethyl alcohol, and other saturated or unsaturated alicyclic primary alco- 
hols; benzyl alcohol, 2-phenylethyi alcohol, 3-phenylpropyl alcohol, cinnamic alcohol, and other aromatic primary alco- 
hols; and 2-hydroxymethylpyridine, and other heterocyclic alcohols. 

[0080] Typical secondary alcohols include, but are not limited to, 2-propanol, s-butyl alcohol, 2-pentanol, 3-penta- 
nol, 3,3-dimethyl-2-butanol, 2-octanol, 4-decanol, 2-hexadecanol, 2-penten-4-ol, 1 ,2-propanediol, 2,3-butanediol, 2,3- 
pentanediol, and other vicinal diols, and other saturated or unsaturated aliphatic secondary alcohols each having about 
3 to 30 (preferably about 3 to 20, and more preferably about 3 to 1 5) carbon atoms; 1 -cyclopentylethanol, 1 -cyclohexy- 
lethanol, and other secondary alcohols each having an aliphatic hydrocarbon group and an alicyclic hydrocarbon (e.g., 
a cycloalkyl group) bonded to a carbon atom, to which carbon atom a hydroxyl group is bonded; cyclobutanol, cyclopen- 
tanol, cyclohexanol, cyclooctanol, cyclododecanol, 2-cyclohexen-1 -ol, 2-adamantanol, 2-adamantanol having 1 to 4 
hydroxyl groups at the bridgehead positions, 2-adamantanol having an oxo group on an adamantane ring, and other 
saturated or unsaturated alicyclic secondary alcohols (including bridged cyclic secondary alcohols) each having about 
3 to 20 members (preferably about 3 to 1 5 members, more preferably about 5 to 1 5 members, and typically 5 to 8 mem- 
bers); 1-phenylethanol, 1-phenylpropanol, 1 -phenylmethylethanol, diphenylmethanol, and other aromatic secondary 
alcohols; and 1-(2-pyridyl)ethanol, and other heterocyclic secondary alcohols. 

[0081] Typical alcohols further include, for example, 1 -adamantanemethanol, cc-methyl-1 -adamantanemethanol, cc- 
ethyl-1 -adamantanemethanol, a-isop ropy 1-1 -adamantanemethanol. 3-hydroxy-a-methyl-1 -adamantanemethanol, 3- 
carboxy-a-methyl-1 -adamantanemethanol, a-methyl-3a-perhydroindenemethanol, a-methyl-4a-decalinm ethanol, 8a- 
hydroxy-a-methyl-4a-decalinmethanol, a-methyl-4a-perhydrofluorenemethanol, a-methyl-4a-pemydroanthracen- 
emethanol, a-methyl-8a-perhydrophenanthrenemethanol, a-methyl^-tricyclofS^.I.O^'^decanemethanol, 6-hydroxy- 
a-methyl-2-tricyclo[5.2. 1 .0 2 ' e ]decanemethanol, a-methyl-2a-perhydroacenaphthenemethanol, cc-methyl-3a-perhy- 
drophenalenemethanol, cc-methyl-1 -norbornanem ethanol, a-methyl-2-norbornene-1 -methanol, and other alcohols 
each having a bridged cyclic hydrocarbon group, such as compounds each having a bridged cyclic hydrocarbon group 
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bonded to a carbon atom, to which carbon atom a hydroxyl group is bonded. 

[0082] Preferred alcohols include secondary alcohols and the alcohols each having a bridged cyclic hydrocarbon 
group. Such secondary alcohols include 2-propanol, s-butyl alcohol, and other aliphatic secondary alcohols; 1- 
cyclohexyl ethanol, and other secondary alcohols each having an aliphatic hydrocarbon group (e.g., a C r C 4 alky! 
5 group, or a C 6 -C 14 aryl group) and a non-aromatic carbocyclic group (e.g., a C 3 -C 15 cycloalkyl group or a cycloalkenyl 
group) bonded to a carbon atom, to which carbon atom a hydroxyl group is bonded; cyclopentanol, cyclohexanol, 2- 
adamantanol, and other alicyclic secondary alcohols each having about 3 to 15 members; 1 -phenylethanol, and other 
aromatic secondary alcohols. 

[0083] The ethers (AT -2) each having a carbon -hydrogen bond at the adjacent position to an oxygen atom indude, 
10 but are not limited to, dimethyl ether, diethyl ether, dipropyl ether, diisopropyl ether, dibutyl ether, methyl ethyl ether, 
methyl butyl ether, ethyl butyl ether, diallyl ether, methyl vinyl ether, ethyl allyl ether, and other aliphatic ethers; anisole, 
phenetole, dibenzyl ether, phenyl benzyl ether, and other aromatic ethers; and tetrahydrofuran, and other cyclic ethers. 
[0084] The acetals (A1 -3) each having a carbon-hydrogen bond at the adjacent position to an oxygen atom include, 
for example, acetals derived from aldehydes and alcohols or acid anhydrides. Such acetals include cyclic acetals and 
75 acyclic acetals. The aldehydes include, but are not limited to, formaldehyde, acetaldehyde, propionaldehyde, butyralde- 
hyde, isobutyraldehyde, pentanal, hexanal, decanal, and other aliphatic aldehydes; cyciopentanecarbaldehyde, 
cyclohexanecarbaldehyde, and other alicyclic aldehydes; benzaldehyde, phenyl acetaldehyde, and other aromatic alde- 
hydes. The alcohols include, but are not limited to, methanol, ethanol, 1-propanol, 1-butanol, benzyl alcohol, and other 
monohydric alcohols; ethylene glycol, propylene glycol, 1 ,3-propanec^ol, 2,2-dlbromo-1 ,3-propanediol, and other dihy- 
20 dric alcohols. Typical acetals are, for example, 1 ,3-dioxolane, 2-methyl-1 ,3-dioxolane, 2-ethyl-1 ,3-dioxolane, and other 
1 ,3-dioxolane compounds; 2-methyM ,3-dioxane, and other 1,3-dioxane compounds; acetaldehyde dimethyl acetal, 
and other dialkyl acetal compounds. 

[0085] The compounds (A2) each containing a carbonyl group Include, but are not limited to, acetone, methyl ethyl 
ketone, 3-pentanone, acetophenone, and other chain ketones; cyclopentanone, cyclohexanone, and other cyclic 

25 ketones; biacetyl (2,3-butanedione), 2,3-pentanedione, 3,4-hexanedione, bibenzoyi (benzil), acetyibenzoyl, cyclopen- 
tane-1 ,2-dione, cyclohexane-1 ,2-dione, and other 1 ,2-dicarbonyl compounds (e.g., a-diketones); acetoin, benzoin, and 
other cc-keto-alcohols; acetaldehyde, propionaldehyde, butanal, hexanal, and other aliphatic aldehydes; cyclohexyl 
aldehyde, and other alicyclic aldehyde; benzaldehyde, and other aromatic aldehydes. Preferred carbonyl-group-con- 
taining compounds are chain ketones, 1 ,2-dicarbonyl compounds (e.g., a-diketones), a-keto-alcohols, and other 

30 ketones. 

[0086] The compounds (A3) each having a hydrocarbon group with a methine carbon atom include (A3-1) cyclic 
compounds each having a methine group (i.e., a methine carbon-hydrogen bond) as a structural unit of a ring, and (A3- 
2) chain compounds each having a methine carbon atom. 

[0087] The cyclic compounds (A3-1) include, for example, (A3-1a) bridged cyclic compounds having at least one 
35 methine group, and (A3-1b) non-aromatic cyclic compounds (e.g., alicyclic hydrocarbons) each having a hydrocarbon 
group bonded to a ring. The bridged cyclic compounds also include compounds in which two rings possess two carbon 
atoms in common, such as hydrogenated products of condensed polycyclic aromatic hydrocarbons. 
[0088] The bridged cyclic compounds (A3-1a) include, but are not limited to, decalin, bicyclo[2.2.0]hexane, bicy- 
clo[2.2.2]octane, bicyclo[3.2.1]octane, bicyclo[4.3.2]undecane, bicyclo[3.3.3]undecane, thujone, carane, pinane, 
40 pinene, bornane, bornylene, norbornane, norbomene, camphor, camphoric acid, camphene, tricyclene, tricy- 
clo[5.2.1.0 3 ' 8 ]decane, tricydo[4.2.1.1 2>5 ]decane, exotricyclop^.l.Cr^decane, endotricyclo[5.2.1.0 2 ' 6 ]decane, tricy- 
clo[4.3.1.1 2 ' 5 ]undecane, tricyclo^^.l^undecane, endotricyclo[5.2.2.0 2i6 ]undecane, adamantane, 1-adamantanol, 
1 -chloroadamantane, 1 -methyl adamantane, 1 ,3-dimethyladamantane, 1 -methoxyadamantane, 1 -carboxyadamantane, 
1-methoxycarbonyladamantane, 1 -nitroadamantane, tetracyclo[4.4.0.1 2 - 5 .1 7 ' 10 ]dodecane, perhydroanthracene, perhy- 
45 droacenaphthene, perhydrophenanthrene, perhydrophenalene, perhydroindene, quinuclidine, and other bridged cyclic 
hydrocarbons or bridged heterocyclic compounds each having 2 to 4 rings, and derivatives thereof. These bridged 
cyclic compounds each have a methine carbon atom at a bridgehead position (corresponding to a junction position 
when two rings commonly possess two atoms). 

[0089] The non-aromatic cyclic compounds (A3-1 b) each having a hydrocarbon group bonded to a ring include, but 
so are not limited to, 1 -methylcyclopentane, 1 -methylcyclohexane, limonene, menthene, menthol, carbomenthone, men- 
thone, and other alicyclic hydrocarbons each having about 3 to 15 members and a hydrocarbon group (e.g., an alkyl 
group) bonded to its ring, and their derivatives. The hydrocarbon group just mentioned above contains about 1 to 20 
(preferably 1 to 10) carbon atoms. The n on -aromatic cyclic compounds (A3-1b) each having a hydrocarbon group 
bonded to its ring have a methine carbon atom at the bonding site between the ring and the hydrocarbon group. 
55 [0090] The chain compounds (A3-2) each having a methine carbon atom include, but are not limited to, chain 
hydrocarbons each having a tertiary carbon atom, such as isobutane, isopentane, isohexane, 3-methylpentane, 2,3- 
dimethyibutane, 2-methylhexane, 3-methylhexane, 3,4-dimethylhexane, 3-methyloctane, and other aliphatic hydrocar- 
bons each having about 4 to 20 (preferably 4 to 1 0) carbon atoms, and derivatives thereof. 
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[Radical scavenging Compound (B)] 

[0091] . The radical scavenging compounds (B) include (B1) unsaturated compounds, (B2) compounds each having 
a hydrocarbon group with a methine carbon atom, and (B3) heteroatom -containing compounds. Each of these com- 
pounds may be used alone or in combination. These compounds may have various substituents within a range not 
adversely affecting the reaction. 

[0092] The unsaturated compounds (B1 ) include a wide variety of compounds each having an unsaturated bond. 
Such compounds include, tor example, (Bl-1) unsaturated compounds each having an electron attracting group at the 
adjacent position of a carbon-carbon unsaturated bond [active olefins (electron-deficient olefins) and other active 
unsaturated compounds], (Bl -2) compounds each having a carbon-carbon triple bond, (B1 -3) compounds each having 
an aromatic ring, (Bi-4) ketenes, and (B1-5) isocyanate orthioisocyanate compounds. 

[0093] The active unsaturated compounds (B1-1) include, but are not limited to, methyl (meth)acrylate, ethyl 
(meth)acrylate, isopropyl (meth)acrylate, phenyl (meth)acrylate, methyl crotonate, ethyl crotonate, methyl 3-methyl-2- 
butenoate, ethyl 3 -methyl- 2-butenoate, methyl 2-pentenoate, methyl 2-octenoate, and other cc,0-unsaturated esters; 
vinyl methyl ketone, vinyl ethyl ketone, methyl 1-propenyl ketone, and other oc,p-unsaturated ketones; propenal, croton- 
aldehyde, and other a,$ unsaturated aldehydes; acrylonitrile, methacrylonitrile, and other a,0-unsaturated nitriles; 
(meth)acrylic acid, crotonic acid, and other a,0-unsaturated carboxylic acids; (meth)acrylamide, and other (^-unsatu- 
rated carboxylic acid amides; N-(2-propenylidene)methylamine, N-(2-butenylidene)methyiamine, and other (^unsatu- 
rated imines; styrene. vinyltoluene. a-methylstyrene, P-methylstyrene, and other styrene derivatives, and other 
compounds each having an aryl group bonded at the adjacent position to a carbon-carbon unsaturated bond; butadi- 
ene, isoprene, 2-chlorobutadiene, 2-ethylbutadiene, vinylacetylene, cyclopentadiene derivatives, and other conjugated 
dienes (including compounds in which a double bond and a triple bond are conjugated). 

[0094] The compounds (B1 -2) each having a carbon-carbon triple bond include, for example, methylacetylene, and 
1-butyne. The compounds (B1-3) each having an aromatic ring include, for example, compounds each having a ben- 
zene ring, a naphthalene ring, or another aromatic carbon ring; and compounds each having a pyrrole ring, afuran ring, 
a thiophene ring, or another aromatic heterocycle. The ketenes (B1-4) include, for example, ketene, and 2-methylket- 
ene. The isocyanate orthioisocyanate compounds (B1-5) include, for example, methyl isocyanate, ethyl isocyanate, 
phenyl isocyanate, methyl thioisocyanate, ethyl thioisocyanate, and phenyl thioisocyanate. 

[0095] The compounds (B2) each having a hydrocarbon group with a methine carbon atom include, for example, 
the compounds exemplified as the compounds (A3). The same compound can be used as the compound (A3) and the 
compound (B2) in the reaction. 

[0096] The heteroatom-containing compounds (B2) include, for example, (B2-1) compounds each having a sulfur 
atom, (B2-2) compounds each having a nitrogen atom, (B2-3) compounds each having a phosphorus atom, and (B2- 
4) compounds each having an oxygen atom. The compounds (B2-1) each having a sulfur atom include, for example, 
sulfides and thiols. The compounds (B2-2) each having a nitrogen atom include, for example, amines. The compounds 
(B2-3) each having a phosphorus atom include, for example, phosphites. The compounds (B2-4) each having an oxy- 
gen atom include, for example, N-oxides. 

[0097] In the present invention, when a 1 ,2-dicarbonyl compound or its hydroxy reductant is used as the compound 

(A) , a radical scavenging compound selected from the compounds (B1) and (B3) should be used as the compound (B). 
Such 1 ,2-dicarbonyl compounds include 1 ,2-dicarbonyl compounds (e.g., a-diketones) exemplified as the carbonyl- 
group-containing compounds (A2). Hydroxy reductants of 1 ,2-dicarbonyl compounds include cc-keto-alcohols exempli- 
fied as the carbonyl-group-containing compounds (A2), and vicinal diols exemplified as the primary or secondary alco- 
hols (A1-1). 

[0098] A reaction between the compound (A) capable of forming a stable radical with the radical scavenging com- 
pound (B) is generally performed in an organic solvent Such organic solvents include, but are not limited to, acetic acid, 
propionic acid, and other organic acids; acetonitrile, propionitrile, benzonitrile, and other nitriles; formamide, acetamide, 
dimethylformamide (DMF), dimethylacetamide, and other amides; hexane, octane, and other aliphatic hydrocarbons; 
chloroform, dichloromethane, dichloroethane, carbon tetrachloride, chlorobenzene, trifluoromethylbenzene, and other 
halogenated hydrocarbons; nitrobenzene, nitromethane, nitroethane, and other nitro compounds; ethyl acetate, butyl 
acetate, and other esters; and mixtures of these solvents. In may cases, acetic acid and other organic acids, ace- 
tonitrile, benzonitrile, and other nitriles, trifluoromethylbenzene, and other halogenated hydrocarbons, ethyl acetate and 
other esters are used as the solvents. 

[0099] Trie proportion of the compound (A) capable of forming a stable radical to the radical scavenging compound 

(B) can be appropriately selected according to the types (costs, reactivity) or combination of the both compounds. For 
example, the compound (A) can be used in excess amounts (e.g., about 2 to 50 times by mole) relative to the compound 
(B), or vice versa, the compound (B) can be used in excess amounts to the compound (A). 

[0100] According to the invented process, the reaction can smoothly proceed even under relatively mild conditions. 
A reaction temperature can be appropriately selected according to the types of the compound (A) and the compound 
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(B) and type of a target product, and is, for example, about 0°C to 300°C, preferably about 20°C to 2Q0°C, more prefer- 
ably about 30°C to 1 50°C. The reaction is frequently performed at a temperature of about 40°C to 1 00°C. The reaction 
can be carried out at atmospheric pressure or under a pressure (under a load). When the reaction is conducted under 
a pressure, the pressure is usually about 1 to 1 00 atm (e.g. 1 .5 to 80 atm), preferably about 2 to 70 atm. A reaction time 
can be appropriately selected within a range of, for example, 30 minutes to 48 hours depending on the reaction temper- 
ature and pressure. 

[0101] The reaction can be performed in a batch system, a semi-batch system, a continuous system or other con- 
ventional manners. After the completion of the reaction, reaction products can be easily separated and purified by a 
conventional technique, such as filtration, concentration, distillation, extraction, crystallization, recrystallization, column 
chromatography, and other separation means, or any combination of these separation means. 
[0102] According to the invented process, an addition or substitution reaction product is formed corresponding to a 
combination of the compound (A) capable of forming a stable radical and the radical scavenging compound (B). 
[0103] For example, when the oxygen-atom-containing compound (A1) having a carbon-hydrogen bond at the adja- 
cent position to an oxygen atom is employed as the compound (A), the adjacent position to the oxygen atom is bonded 
to an atom (e.g., a carbon atom) constituting an unsaturated bond of the unsaturated compound (B1), to the methine 
carbon atom of the compound (B2) having a hydrocarbon group with a methine carbon atom, or to the heteroatom of 
the heteroatom-containing compound (B3). Thus, an addition or substitution reaction product is obtained. 
[0104] When the carbonyl-group-containing compound (A2) is employed as the compound (A), a bond between a 
carbonyl group and an atom adjacent to the carbonyl group is broken, and' an atomic group containing the carbonyl 
group (e.g., an acy! group) is bonded to the aforementioned position of the compound (B1 ), (B2) or (B3) to yield an addi- 
tion or substitution reaction product. When the compound (A3) containing a hydrocarbon group with a methine carbon 
atom is employed as the compound (A) capable of forming a stable radical, the methine carbon atom is bonded to the 
aforementioned position of the compound (B1) f (B2) or (B3) to yield an addition or substitution reaction product 
[0105] Generally, the use of the unsaturated compound (B1) as the radical scavenging compound (B) will yield an 
addition reaction product, and the use of the compound (B2) having a hydrocarbon group with a methine carbon atom 
as the compound (B) will yield a substitution reaction product (e.g., a coupling product). 

[0106] According to the invented process, an oxidized product of the addition or substitution reaction product can 
be formed. For example, when the reaction is performed in the presence of oxygen using the unsaturated compound 
(B1) as the radical scavenging compound (B), a group derived from the compound (A) is bonded to one carbon atom 
of the two carbon atoms constituting the unsaturated bond as mentioned above, and a hydroxyl group can be intro- 
duced to the other carbon atom. 

[0107] A reaction mechanism is not clarified in detail, but is supposed as follows. The radical generator or oxygen 
acts upon the imide compound, and a free radical is formed on an oxygen atom bonded to a nitrogen atom of the imide 
compound. This radical abstracts a hydrogen from the compound (A), and of the compound (A), a free radical is then 
generated on a carbon atom at the adjacent position to an oxygen atom in the compound (A1), on a carbonyl carbon 
atom in the compound (A2), or on the methine carbon atom in the compound (A3). This radical attacks an atom consti- 
tuting an unsaturated bond, the methine carbon atom, or the heteroatom of the compound (B). Subsequently, the above 
oxidation proceeds under some conditions. 

[0108] The addition or substitution reaction product formed through the above reaction, or the oxidized product 
formed through oxidation of the reaction product may further undergo, for example, a dehydration reaction, cyclization 
reaction, decarboxylation reaction, rearrangement reaction, or isomerization in a reaction system, depending on the 
structure of the product, to yield a corresponding organic compound. 

[0109] The reaction of the compound (A) capable of forming a stable radical with the radical scavenging compound 
(B) should be preferably conduced under conditions with minimal polymerization inhibitors (e.g., hydroquinone). For 
example, the proportion of the polymerization inhibitor in the reaction system should be preferably 1000 ppm or less, 
and more preferably 1 00 ppm or less. If the proportion of the polymerization inhibitor exceeds 1 000 ppm, a reaction rate 
is liable to decrease, and the imide compound of the formula (1) and/or the co-catalyst has to be used in large amounts 
in some cases. In contrast, when the proportion of the polymerization inhibitor in the reaction system is small, the reac- 
tion rate increases to improve a yield, and the reaction results have a high reproducibility to stably yield a target com- 
pound. The unsaturated compounds (B1) or other compounds for use in commercial, to which a polymerization inhibitor 
is added, should be preferably subjected to elimination of the polymerization inhibitor by, for example, distillation, prior 
to the reaction. The same goes for any reaction in which the compound (A) is allowed to react with the compound (B) 
in the presence of the imide compound. 

[0110] According to the invention, a variety of organic compounds as shown below can be obtained by allowing an 
appropriate combination of the compound (A) capable of forming a stable radical with the radical scavenging compound 
(B) to react with each other. 
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1 . Production of 2,3-Dihydroxy Compound 

[0111] A first embodiment of the productions will be described below.. When the alcohol of the formula (2) is allowed 
to react with the active olefin of the formula (3) in the presence of molecular oxygen by catalysis of the imide compound 
of the formula (1 ), the 1 ,3-dihydroxy compound of the formula (4) is formed. 

[0112] The organic group in R a and R b in the formula (2) has only to be an organic group that does not adversely 
affect the reaction (e.g., an organic group that is not reactive under reaction conditions according to the process). Such 
organic groups include, for example, hydrocarbon groups and heterocyclic groups. 

[0113] The hydrocarbon groups include aliphatic hydrocarbon groups, alicyclic hydrocarbon groups, and aromatic 
hydrocarbon groups. Such aliphatic hydrocarbon groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl, octyl, decyl, tetradecyl, hexadecyl, octadecyl, allyl, and other straight- or 
branched-chain aliphatic hydrocarbon groups (alkyl groups, alkenyl groups, and alkynyi groups) each having about 1 to 
20 (preferably about 1 to 1 0, and more preferably about 1 to 6) carbon atoms.' 

[0114] The alicyclic hydrocarbon groups include, but are not limited to, cyclopropyl, cyclobutyl, cyciopentyl, 
cyclohexyl, cyclohexenyl, cyciooctyl, cyclodecyl, cyclododecyl, and other monocyclic alicyclic hydrocarbon groups (e.g., 
cycloalkyl groups and cycloalkenyl groups) each having about 3 to 20 carbon atoms (preferably having about 3 to 15 
carbon atoms); and bridged cyclic hydrocarbon groups. 

[0115] Such bridged cyclic hydrocarbon groups include bicyclic, tricyclic or tetracyclic bridged hydrocarbon groups, 
of which bicyclic or tricyclic biidged hydrocarbon groups are preferred. Illustrative bridged rings in the bridged cyclic 
hydrocarbon groups include, but are not limited to, adamantane ring, perhydroindene ring, decalin ring, perhydroflu- 
orene ring, perhydroanthracene ring, perhydrophenanthrene ring, tricyclops^.l.O^decane ring, perhydroacenaph- 
thene ring, perhydrophenalene ring, norbomane ring, and norbornene ring. The bridged cyclic hydrocarbon group may 
be bonded to a carbon atom to which the hydroxyl group is bonded in the formula through any carbon atom constituting 
the bridged ring but should be preferably bonded through a carbon atom at a bridgehead position (junction position). 
[0116] The aromatic hydrocarbon groups include, for example, phenyl, naphthyi, and other aromatic hydrocarbon 
groups each having about 6 to 1 4 carbon atoms. 

[0117] These hydrocarbon groups may have a variety of substituents. Such substituents include, for example, hal- 
ogen atoms (fluorine, chlorine, bromine, and iodine atoms), oxo group, hydroxyl groups which may be protected by a 
protective group, hydroxymethy! groups which may be protected by a protective group, amino groups which may be pro- 
tected by a protective group, carboxyl groups which may be protected by a protective group, substituted oxycarbonyl 
groups, substituted or unsubstituted carbamoyl groups, nrtro group, acyl groups, cyano group, alkyl groups (e.g., 
methyl, ethyl, and other 0 A -C 4 alkyl groups), cycloalkyl groups, aryi groups (e.g., phenyl, and naphthyi groups), and het- 
erocyclic groups. As the protective groups, conventional protective groups in the field of organic synthesis can be 
employed. 

[0118] The protective groups for hydroxyl group and hydroxymethyl group include conventional protective groups. 
Such protective groups include, but are not limited to, alkyl groups (e.g., methyl, t-butyl, and other C r C 4 alkyl groups), 
alkenyl groups (e.g., allyl group), cycloalkyl groups (e.g., cyclohexyl group), ary! groups (e.g., 2,4-dinitrophenyl group), 
aralkyl groups (e.g., benzyl, 2,6-dichlorobenzyl, 3-bromobenzyl, 2-nitrobenzyl, and triphenylmethyl groups); substituted 
methyl groups (e.g., methoxymethyl, methylthiomethyl, benzyloxymethyl, t-butoxymethyl, 2-methoxyethoxymethyi, 
2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl, and 2-(trimethylsilyi)ethoxymethy I groups), substituted ethyl 
groups (e.g., 1-ethoxyethyl, 1 -methyl- 1-methoxyethy I, 1 -isopropoxyethyl, and 2,2,2-trichloroethyl groups), tetrahydro- 
pyranyl group, tetrahydrofuranyl group, 1 -hydroxyalkyl groups (e.g., 1 -hydroxyethyl, 1 -hydroxy hexyl, 1 -hydroxy decyl, 
and 1-hydroxyhexadecyl groups), and other groups which are capable of forming an acetal or hemiacetal group with a 
hydroxyl group; acyl groups (e.g., formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, pivaloyl, and other C,-C 6 aliphatic 
acyl groups; acetoacetyl group; benzoyl, naphthoyl, and other aromatic acyl groups), alkoxycarbonyl groups (e.g., 
methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, and other C-j-C^alkoxy-carbonyi groups), aralkyloxycarbonyl 
groups (e.g., benzyloxycarbonyl group and p-methoxybenzyloxycarbonyl group), substituted or unsubstituted car- 
bamoyl groups (e.g., carbamoyl, methylcarbamoyl, and phenylcarbamoyl groups),, dialkylphosphinothioyl groups (e.g., 
dimethylphosphinothioyl group), diarylphosphinothioyl groups (e.g., diphenylphosphinothioyl group), and substituted 
siiyl groups (e.g., trimethylsilyl, t-butyldimethylsilyl, tribe nzylsilyl, and triphenylsilyl groups). When the molecule to be 
protected has two or more hydroxyl groups (inclusive of hydroxymethyl groups), the protective groups also include diva- 
lent hydrocarbon groups (e.g., methylene, ethylidene, isopropylidene, cyclopentyiidene, cyclohexylidene, and benzyli- 
dene groups) which may have a substituent Preferred protective groups for hydroxyl group include, for example, C^-C A 
alkyl groups; substituted methyl groups, substituted ethyl groups, 1 -hydroxyalkyl groups, and other groups that can form 
an acetal or hemiacetal group with a hydroxyl group; acyl groups, CVC4 alkoxy-carbonyl groups, substituted or unsub- 
stituted carbamoyl groups, substituted silyl groups, and divalent hydrocarbon groups which may have a substituent. 
[0119] Protective groups for amino group include the aforementioned alkyl groups, aralkyl groups, acyl groups, 
alkoxycarbonyl groups, aralkyloxycarbonyl groups, dialkylphosphinothioyl groups, diarylphoshinothioyl groups men- 
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tioned as the protective groups for hydroxyl group. Preferred protective groups for amino group are, for example, C,-C 4 
alkyl groups, C,-C 6 aliphatic acyl groups, aromatic acyl groups, and C r C 4 alkoxy-carbonyl groups. 
[0120] Illustrative protective groups for carboxyl group include, but are not limited to, alkoxy groups (e.g., methoxy, 
ethoxy, butoxy, and other C^-C 6 alkoxy groups), cycloalkyloxy groups, aryloxy groups (e.g., phenoxy group), aralkyloxy 
groups (e.g., benzyloxy group), triaikylsilyloxy groups (e.g., trimethylsilyloxy group), amino groups which may have a 
substituent (e.g., amino group; methylamino group, dimethylamino group, and other mono- or di-C-|-C 6 alkylamino 
groups), hydrazino group, alkoxycarbonylhydrazino groups, and aralkyloxycarbonylhydrazino groups. Preferred protec- 
tive groups for carboxyl group are C r C 6 alkoxy groups (especially, C,-C 4 alkoxy groups), and mono- or di-Cj-CQ 
alkylamino groups (especially, mono- or di-C-j-C 4 alkylamino groups). 

[0121] Heterocyclic rings constituting heterocyclic groups in R a and R b include aromatic heterocyclic rings and non- 
aromatic heterocyclic rings. Such heterocyclic rings include, but are not limited to, heterocyclic rings each containing an 
oxygen atom as a heteroatom (e.g., furan, tetrahydrofuran, oxazole, isoxazole, and other 5-membered rings, 4-oxo-4H- 
pyran, tetrahydropyran, morpholine, and other 6-rnembered rings, benzofuran, isobenzofuran, 4-oxo-4H-chromene, 
chroman, isochroman, and other condensed rings), heterocyclic rings each containing a sulfur atom as a heteroatom 
(e.g., thiophene, thiazole, isothiazole, thiadiazole, and other 5-membered rings, 4-oxo-4H-thiopyran, and other 6-mem- 
bered rings, benzothiophene and other condensed rings), heterocyclic rings each containing a nitrogen atom as a het- 
eroatom (e.g., pyrrole, pyrrolidine, pyrazole, imidazole, triazole, and other 5-membered rings, pyridine, pyridazine, 
pyrimidine, pyrazine, piperidine, piperazine, and other 6-membered rings, indole, indoline, quinoline, acridine, naphthy- 
ridine, quinazoline, purine, and other condensed rings). These heterocyclic groups may have substituents (e.g., similar 
groups to the substituents that the hydrocarbon groups may have). 

[0122] The rings formed by R a and R b with the adjacent carbon atom include, but are not limited to, cyclopropane, 
cyclobutane, cyclopentane, cyclopentene, cyclohexane, cyclohexene, cyclooctane, cyclodecane, and cyclododecane 
rings, decalin ring, adamantane ring, and other non-aromatic carbon rings (cycioalkane rings, cycloalkene rings, and 
bridged carbon rings) each having about 3 to 20 members (preferably about 3 to 1 5 members, more preferably about 5 
to 1 5 members, and typically about 5 to 8 members). These rings may have substituents (e.g., similar groups to the sub- 
stituents that the hydrocarbon groups may have). To these rings, another ring (a non-aromatic ring or an aromatic ring) 
may be condensed. 

[0123] Preferred substituent R a includes hydrogen atom; methyl, ethyl, propyl, isopropyl, butyl, and other C r C 4 
alkyl groups, and C 6 -C 14 aryi groups. Preferred R b includes, hydrogen atom, C^-C^o aliphatic hydrocarbon groups (e.g., 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl, octyl, and decyl groups; particularly C r C 10 
alkyl groups), and alicyclic hydrocarbon groups (e.g., cyclopentyl, cyclohexyl, cyclohexenyl, and other C3-C-15 cycloalkyl 
groups or cycloalkenyl groups; and bridged cyclic hydrocarbon groups). Alternatively, R a and R b are preferably com- 
bined to form a non-aromatic carbon ring having about 3 to 15 members (particularly about 5 to 8 members) with the 
adjacent carbon atom. 

[0124] The alcohols of the formula (2) include, for example, the alcohols exemplified as the primary or secondary 
alcohols (A1-1). 

[0125] Preferred alcohols include secondary alcohols (e.g., 2-propanol, s-butyl alcohol, and other aliphatic second- 
ary alcohols; 1-cyciohexylethanol, and other secondary alcohols each having an aliphatic hydrocarbon group (e.g., a 
C-1-C4 alkyl group, or a C 6 -C 14 aryl group) and a non-aromatic carbocyclic group (e.g., a C^-C^ cycloalkyl group or a 
cycloalkenyl group) bonded to a carbon atom, to which carbon atom a hydroxyl group is bonded; cyclopentanol, 
cyclohexanol, 2-adamantanol, and other alicyclic secondary alcohols each having about 3 to 1 5 members; 1 -phenyleth- 
anol, and other aromatic secondary alcohols), and alcohols in which the substituent R b is a bridged cyclic hydrocarbon 
group. 

[Active Olefin] 

[0126] The organic groups in R c , R d , and R e in the active olefins of the formula (3) can be any organic groups that 
do not adversely affect the reaction (e.g., organic groups that are not reactive under reaction conditions according to 
the invented process). Such organic groups include, but are not limited to, halogen atoms, hydrocarbon groups, hete- 
rocyclic groups, substituted oxycarbonyl groups (e.g., alkoxycarbonyl groups, aryloxycarbonyl groups, aralkyioxycarbo- 
nyl groups, and cycloalkyloxycarbpnyl groups), carboxyl group, substituted or unsubstituted carbamoyl groups (N- 
substituted or unsubstituted amide groups), cyano group, nitro group, sulfur acid radicals (sulfonic acid groups, and 
sulfinic acid groups), sulfur acid ester groups (sulfonic acid ester groups, and surfinic acid ester groups), acyl groups, 
hydroxyl group, alkoxy groups, and N-substituted or unsubstituted amino groups. The carboxyl group, hydroxyl group, 
and amino groups may be protected by a conventional protective group. 

[0127] The halogen atoms include fluorine, chlorine, bromine, and iodine atoms. The hydrocarbon groups include, 
for example, the groups exemplified as the hydrocarbon groups in R a and R b . These hydrocarbon groups may have any 
of the aforementioned substituents. Preferred hydrocarbon groups include, for example, methyl, ethyl, propyl, isopropyl, 
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butyl, isobutyl, s-butyl, t-butyl, vinyl, allyl, and other straight- or branched-chain aliphatic hydrocarbon groups (alkyl 
groups, alkenyl group, and alkynyl groups) each having about 1 to 6 carbon atoms (particularly about 1 to 4 carbon 
atoms); phenyl group, naphthyl group, and other aromatic hydrocarbon groups each having about 6 to 14 carbon atoms; 
cycloalkyl groups; trifluorornethyl group, and other haloalkyl groups each having about 1 to 6 carbon atoms (particularly 
about 1 to 4 carbon atoms). . 

[0128] The heterocyclic groups include, for example, the groups exemplified as the heterocyclic groups in R a and 
R b . These heterocyclic groups may have any of the substituents. The alkoxycarbonyl groups include, but are not limited 
to, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, t-butoxycarbonyl, and 
other C,-C 6 alkoxy-carbonyl groups. The aryloxycarbonyl groups include, but are not limited to, phenyloxycarbonyl 
group, and the aralkyloxycarbonyl groups include, for example, benzyloxycarbonyl group. Illustrative cycloalkyloxycarb- 
onyl groups are cyclopentyloxycarbonyl, and cyclohexyloxycarbonyl groups. 

[0129] The substituted carbamoyl groups include, for example, N-methylcarbamoyl, and N,N-dimethylcarbamoyl 
groups. Illustrative sulfonic acid ester groups are methyl sulfonate, ethyl sulfonate, and other sulfonic acid C r C 4 aikyl 
ester groups. Illustrative sulfinic acid ester groups are methyl sulfinate, ethyl sulfinate, and other sulfinic acid C,-C 4 alkyl 
ester groups. The acyl groups include, but are not limited to, acetyl, propionyl, and other aliphatic acyl groups (e.g., C 2 - 
C 7 aliphatic acyl groups), and benzoyl, and other aromatic acyl groups. The alkoxy groups include, but are not limited 
to, methoxy, ethoxy, propoxy, butoxy, and other alkoxy groups each having about 1 to 6 carbon atoms. The N-substituted 
amino groups include, for example, N,N-dimethylamino, N,N-diethylamino, and piperidino groups. 
[0130] Preferred R c , R d , and R e include, for example, hydrogen atom, hydrocarbon groups [e.g., C-,-C 6 aliphatic 
hydrocarbon groups (particularly C 1 -C 4 aliphatic hydrocarbon groups), C 6 -C 14 aryl groups (e.g., phenyl group), 
cycloalkyl groups (e.g., cycloalkyl groups each having about 3 to 8 members), haloalkyl groups (e.g., trifluorornethyl 
group, and other C,-C B haloalkyl group, particularly C-|-C 4 haloalkyl groups)], heterocyclic groups, substituted oxycar- 
bonyl groups (e.g., C^-C 6 alkoxycarbonyl groups, aryloxycarbonyl groups, aralkyloxycarbonyl groups, and cycloalky- 
Ipxycarbonyl groups), carboxyl group, substituted or unsubstituted carbamoyl groups, cyano group, nitro group, sulfur 
acid groups, sulfur acid ester groups, and acyl groups. Typically preferred R c and R d are, for example, hydrogen atom, 
C r C 6 aliphatic hydrocarbon groups (particularly C-,-C 4 aliphatic hydrocarbon groups), C 6 -C 14 aryl groups (e.g., phenyl 
group), cycloalkyl groups (e.g., cycloalkyl groups each having about 3 to 8 members), haloalkyl groups (e.g., trifluor- 
ornethyl group, and other C r C 6 haloalkyl groups, particularly C r C 4 haloalkyl groups)], substituted oxycarbonyl groups 
(e.g., C r C 6 alkoxy-carbonyl groups, aryloxycarbonyl groups, aralkyloxycarbonyl groups, and cycloalkyloxycarbonyl 
groups), and cyano group. Typically preferred R e includes, for example, hydrogen atom, and C r C 6 aliphatic hydrocar- 
bon groups (especially, C-j-C 4 aliphatic hydrocarbon groups). 

[0131] The rings formed by R c , R d , and R e (R c and R d , R c and R e , R d and R e , or R c and R d and R e ) together with 
the adjacent carbon atom or carbon-carbon bond include cyclopropane, cyclobutane, cyclopentane, cyclopentene, 
cyclohexane, cyclohexene, cyclooctane, cyclododecane, and other alicyclic carbon rings (e.g., cycloalkane rings and 
cycloalkene rings) each having about 3 to 20 members. These rings may have a substituent, and to these rings, another 
ring (a non-aromatic ring or an aromatic ring) may be condensed. 

[0132] Illustrative electron attracting groups Y include, but are not limited to, methoxycarbonyl, ethoxycarbonyl, and 
other alkoxycarbonyl groups; phenoxycarbonyl, and other aryloxycarbonyl groups; formyl, acetyl, propionyl, benzoyl, 
and other acyl groups; cyano group; carboxyl group; carbamoyl, N,N-dimethyicarbamoyl, and other substituted or 
unsubstituted carbamoyl groups; -CH=N-R, where R is, for example, an alkyl group; phenyl, naphthyl, and other aryl 
groups; vinyl, 1-propenyl, ethynyl, and other 1 -alkenyl groups or 1 -alkynyl groups. 

[0133] The rings which may be formed by Y and at least one of R c , R d , and R e with the adjacent carbon atom or 
carbon-carbon bond include, but are not limited to, cyclopentadiene ring, pyrrole ring, furan ring, and thiophene ring. 
[0134] Typical active olefins of the formula (3) include the compounds exemplified as the active unsaturated com- 
pounds (B1-1). 

[Reaction] 

[0135] A reaction between the alcohol of the formula (2) and the active olefin of the formula (3) can be performed 
in accordance with the procedure described in the reaction between the compound (A) and the compound (B). 
[0136] In this reaction, a 1 ,3-dihydroxy compound of the formula (4) is supposed to be formed in the following man- 
ner. A 1 -hydroxyalkyl radical which is formed in a system and corresponds to the alcohol of the formula (2) attacks and 
is added to a carbon atom at the 0-position of the group Y of the two carbon atoms constituting an unsaturated bond of 
the active olefin of the formula (3), and oxygen attacks a radical at the a-position formed through addition to yield a 1 ,3- 
dihydroxy compound of the formula (4). 

[0137] In the compound of the formula (4) formed through the reaction, when Y is an alkoxycarbonyl group, aryl 
oxycarbonyl group, or another ester group, or a carboxyl group, a cyclization reaction may further proceed in the system 
to yield a furanone derivative (a-hydroxy-Y-butyrolactone derivative) of the formula (6), as described later. The yield of 
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the furanone derivative can be improved by controlling the type and proportion of the co-catalyst or further subjecting 
the product to aging after the addition reaction (or further oxidation reaction). A reaction temperature in the aging period 
is set higher than that in the addition reaction in many cases. The furanone derivative can be also produced by isolating 
the compound of the formula (4), for example dissolving the compound in a solvent, and heating the solution according 
to necessity. Such solvents include, but are not limited to, the solvents mentioned later, and benzene, toluene, and other 
aromatic hydrocarbons; cyclohexane, and other alicyclic hydrocarbons; acetone, cyclohexanone, and other ketones; 
diethyl ether, tetrahydrof uran, and other ethers; methanol, ethanol, isopropanol, and other alcohols. A reaction temper- 
ature in this procedure is, for example, about 0°C to 150°C, and preferably about 30°C to 100°C. 

2. Production of a-Hydroxy-y-butyrolactone Derivative 

[0138] According to the invented process for producing an a-hydroxy-y-butyrolactone derivative, the alcohol of the 
formula (2) is allowed to react with the a,p-unsaturated carboxylic acid derivative of the formula (5) in the presence of 
molecular oxygen by catalysis of the imide compound of the formula (1) to yield the a-hydroxy^y-butyrolactone deriva- 
tive of the formula (6). 

[Alcohol] 

[0139] The alcohols of the formula (2) include similar alcohols to those in the production of the 1 ,3-di hydroxy com- 
pound. 

[a, p-Unsatu rated Carboxylic Acid Derivative] 

[0140] The substituents R c , R d , and R e in the formula (5) are similar to R c , R d , and R e in the formula (3). Organic 
groups in R f include organic groups that do not adversely affect the reaction (e.g., organic groups which are not reactive 
in reaction conditions according to the invented process) such as hydrocarbon groups and heterocyclic groups. If the 
compound of the formula (5) has a substituted oxycarbonyl group in addition to -C0 2 R f group indicated in the formula 
(5), the -C0 2 R f group is involved in a cyciization reaction, but the other substituted oxycarbonyl group can remain as 
intact in the product. The other substituted oxycarbonyl group is therefore included in the non-reactive organic groups. 
[0141] When at (east one of R c and R d is a haloalkyl group, a substituted oxycarbonyl group, a carboxyl group, a 
substituted or unsubstituted carbamoyl group, a cyano group, a nitro group, a sulfur acid group, a sulfur acid ester 
group, and another electron attracting organic group, a target a-hydroxy-y-butyrolactone derivative can be obtained in 
a particularly high yield. 

[0142] The substituent R f is often a hydrogen atom or a hydrocarbon group, and is preferably a C^-C s alkyl group 
(especially a C-1-C4 alkyl group), a C 2 -C 6 alkenyl group (especially a C 2 -C 4 alkenyl group), or a C 6 -C 10 aryl group, for 
example. 

[0143] Typical examples of the a,p-unsaturated carboxylic acid derivatives of the formula (5) include, but are not 
limited to, (meth)acrylic acid; methyl (meth)acrylate, ethyl (meth)acrylate, isopropyl (meth)acrylate, phenyl (meth)acr- 
ylate, and other (meth)acrylic esters; crotonic acid; methyl crotonate, ethyl crotonate, and other crotonic esters; 3- 
methyl-2-butenoic acid; methyl 3-methyl-2-butenoate, ethyl 3~methyl-2-butenoate, and other 3-methyl-2-butenoic 
esters; 2-pentenoic acid; methyl 2-pentenoate, ethyl 2-pentenoate, and other 2-pentenoic esters; 2-octenoic acid; 
methyl 2-octenoate, ethyl 2-octenoate, and other 2-octenoic esters; cinnamic acid; methyl cinnamate, ethyl cinnamate, 
and other cinnamic esters; 4,4,4-trifluoro-2-butenoic acid; methyl 4,4,4-trifiuoro-2-butenoate, ethyl 4,4,4-trifluoro-2- 
butenoate, and other 4,4,4-trrfluoro-2-butenoic esters; maleic acid; dimethyl maleate, diethyl maleate, and other maleic 
esters; fumaric acid; dimethyl fumarate, diethyl fumarate, and other fumaric esters; 3-cyanoacrylic acid; methyl 3- 
cyanoacrylate, ethyl 3-cyanoacrylate, and other 3-cyanoacrylic esters, and other a,p-unsaturated carboxylic acids each 
having about 2 to 15 carbon atoms or esters thereof (e.g., C-,-C 6 alkyl esters, O^Cq alkenyl esters, and aryl esters). 

[Reaction] 

[0144] The proportion of the alcohol of the formula (2) to the a,p-unsaturated carboxylic acid ester of the formula 
(5) can be appropriately selected with reference to the types (costs, reactivity) and combination of the both compounds. 
For example, the alcohol may be used in excess amounts (e.g., about 2 to 50 times by mole) to the ct.p-unsatu rated 
carboxylic acid derivative, or vice versa, the a,|3-unsaturated carboxylic acid derivative may be used in excess amounts 
to the alcohol. 

[0145] According to the invented process, the reaction can smoothly proceed even under relatively mild conditions. 
A reaction temperature can be appropriately selected according to the types of the alcohol compound and the a,$- 
unsaturated carboxylic acid derivative, and is, for example, about 0°C to 150°C, and preferably about 30°C to 1 00°C. 
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The reaction can be carried out at atmospheric pressure or under a pressure (under a load). When the reaction is con- 
ducted under a pressure, the pressure is usually about 1 to 1 00 aim (e.g. 1 .5 to 80 atm), and preferably about 2 to 70 
atm. A reaction time can be appropriately selected within a range of, for example, 30 minutes to 48 hours, depending 
on the reaction temperature and pressure. 

[0146] The reaction can be performed in a batch system, a semi-batch system, a continuous system, and other 
conventional manners in the presence of, or under flow of, molecular oxygen. 

[0147] According to the invented process, an cc,Y-dihydroxycarboxyfic acid derivative (a kind of the compounds of 
the formula (4)) shown by the following formula (21) is formed as a reaction intermediate: 




(21) 



wherein R a , R b , R c , R d , R e , and R f have the same meanings as defined above. This compound is supposed to be 
formed in the following manner. A 1 -hydrcxyalkyl radical which is formed in the system and corresponds to the alcohol 
of the formula (2) attacks and is added to the |5-posrtion of the ot,f$-unsaturated carboxyiic acid derivative of the formula 
(5), and oxygen attacks a radical at the a-position formed through addition to yield the compound in question. The 
formed a,y-dihydroxycarboxylic acid derivative of the formula (21 ) undergoes cyclization under reaction conditions to 
yield the target a-hydroxy-y-butyrolactone derivative of the formula (6). 

[0148] When a primary alcohol is used as the alcohol of the formula (2) (i.e., R a is a hydrogen atom), a p-acyl-ct- 
hydroxycarboxylic acid derivative of the following formula (22) may be formed, in addition to the compound of the for- 
mula (6). This is probably because an acyl radical (R b CO • ) is formed in the system. 




wherein R b , R c , R d , R e , and R f have the same meanings as defined above. 

[0149] After the completion of the reaction, reaction products can be easily separated and purified in a conventional 
technique, such as filtration, concentration, distillation, extraction, crystallization, recrystallization, column chromatog- 
raphy and other separation means, or any combination of these separation means. 

[0150] The a-hydroxy-y-butyrolactone derivative can be also produced by isolating the a^dihydroxycarboxylic acid 
derivative of the formula (21), and, for example, dissolving the compound in a solvent, and heating the solution accord- 
ing to necessity, as described above. 

[a-Hydroxy-y-butyrolactone Derivative 1] 

[0151] The invented a-hydroxy-7-butyrolactone derivative of the formula (6b) can be produced by using a corre- 
sponding alicyclic alcohol, i.e., an alcohol in which R a and R b are combined to form a non-aromatic carbon ring with the 
adjacent carbon atom as a material alcohol in the aforementioned process for producing an a-hydroxy- Y-butyrolactone 
derivative. 

[0152] The ring A in the formula (6b) is a non-aromatic carbon ring. Such non-aromatic carbon rings include, but 
are not limited to, cyclopropane, cyclobutane, cyclopentane, cyclopentene, cyclohexane, cyclohexene, cyclooctane, 
cyclodecane, cyclododecane, adamantane, and other non-aromatic carbon rings (e.g., cydoaikane rings, cycloalkene 
rings, and bridged rings) each having about 3 to 20 members (preferably about 3 to 1 5 members, more preferably about 
5 to 15 members, and typically about 5 to 8 members). These rings may have substituents, and to these rings, another 
ring (a non-aromatic ring or an aromatic ring) may be condensed. Such substituents include halogen atoms, methyl 
group and other C^-C 4 alkyl groups, hydroxyl group, methoxy group and other C-1-C4 alkoxy groups, and oxo groups. 
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The organic groups in R c , R d and R e f and preferred R c , R d and R e are similar to those stated above. 

[0153] Illustrative compounds of the formula (6b) include, for example, 3-hydroxy-2-oxo-1-oxaspiro[4.4]nonane, 3- 
hydroxy-3-methyl-2-oxo-1 -oxaspiro[4.4]nonane, 4-ethoxycarbonyl-3-hydroxy-2-oxo-1 -oxaspiro[4.4]nonane t 3-hydroxy- 
2-0X0-1 -oxaspiro[4.5]decane, 3-hydroxy-3-methyl-2-oxo-1 -oxaspiro[4.5]decane, 4-ethoxycarbonyl-3-hydroxy-2-oxo-1 - 
oxaspiro[4.5]decane, and 3-hydroxy-2-oxo-1-oxaspiro[4.7]dodecane. 

[0154] The compounds of the formula (6b) can be used as materials for pharmaceuticals, agricultural chemicals, 
and other fine chemicals. For example, when a compound having a hydrogen atom at the 0-position is converted into 
an ester of a carboxylic acid (e.g., (meth)acrylic acid or a dicarboxylic acid), the ester itself is insoluble in alkalis but is 
easily decomposed by acids to yield an alkali-soluble carboxylic acid (a lactone ring is eliminated as an a,£5-unsatu rated 
lactone). The lactone ring is hydrophilic. Accordingly, these compounds are useful as monomers or materials thereof 
for resist resins (e.g., acrylic resins, and polyesters) which have satisfactory eliminating property and adhesion to a sub- 
strate. . 

[a-Hydroxy-y-butyrolactone Derivative 2] 

[0155] The invented cc-hydroxy-y-butyrolactone derivative of the formula (6c) can be produced by using an alcohol 
where R a and R b are each a hydrogen atom, a hydrocarbon group, or a heterocyclic group as the alcohol of the formula 
(2) and using a compound where R c is a haloalkyl group, a substituted oxycarbonyl group, a cyano group or an aryl 
group as the oc,p-unsatu rated carboxylic acid derivative of the formula (5) in the aforementioned process for producing 
an oc-hydroxy-y-butyrolactone derivative. 

[0156] In the formula (6c), the hydrocarbon groups and heterocyclic groups indicated by R a1 and R b1 , and preferred 
R a1 and R b1 are similar to those exemplified as the hydrocarbon groups and heterocyclic groups in R a and R b , and as 
preferred groups R a and R b The organic groups in R d and R e , and preferred R d and R e are similar to those stated 
above. The rings which may be formed by R c1 , R d , and R G with the adjacent carbon atom or carbon-carbon single bond 
include the rings which may be formed by R c , R d , and R e with the adjacent carbon atom or carbon-carbon single bond. 
[0157] In the cc-hydroxy-y-butyrolactone derivative 2, R c1 is a haloalkyl group, a substituted oxycarbonyl group, a 
cyano group, or an aryl group. Practical examples of these groups include those stated above. Among them, preferred 
R c1 includes trifluoromethyl group, and other C r C 6 haloalkyl groups (especially C r C 4 haloalkyl groups); methoxycar- 
bonyl, ethoxycarbonyl, isopropoxycarbonyl, and other C^-Cq alkoxy-carbonyl groups (especially C-j-C 4 alkoxy-carbonyl 
groups); phenyloxycarbonyl group, and other C 6 -C 10 aryloxy-carbonyl groups; benzyloxycarbonyl group, and other Cj- 
aralkyl oxycarbonyl groups; cyclohexyloxycarbonyl group, and other C 5 -C 6 cycloalkyloxy-carbonyl groups; cyano 
group; and phenyl group, and other C 6 -C 10 aryl groups. 

[0158] "Typical examples of the compounds of the formula (6c) include p-trifluoromethyl-a-hydroxy-Y,7-dimethyl-y- 
butyrolactone, a-hydroxy-p-methoxycarbonyl-Y»Y-dimethyl-Y-butyrolactone, a-hydroxy-p-methoxycarbonyl^y-methyl-y^ 
butyro lactone, a-hydroxy-p-methoxycarbonyl-ajXy-trimethyl-T-butyrolactone, p-emoxycaroonyl-a-hydroxy-y,y-dimethyl- 
y-butyrolactone, p-ethoxycarbonyl-a-hydroxy-7-methyl-y-butyrolactone, p-ethoxycarbonyl-a-hydroxy-ot,y,7 , -trimethyl-Y- 
butyrolactone, p-cyano-a-hydroxy-y,Y-dimethyl-y-butyrolactone, and a-hydroxy-yj-dimethyl-p-phenyl-y-butyro lactone. 
[0159] The cc-hydroxy-y-butyrolactone derivatives 2 are useful as materials for pharmaceuticals, agricultural chem- 
icals, and other fine chemicals. 

[0160] Of the derivatives, for example, when a compound where R d is a hydrogen atom is converted into an ester 
of a carboxylic acid (e.g., (meth)acrylic acid, or a dicarboxylic acid), the ester itself is insoluble in alkalis but is easily 
decomposed by acids to yield an alkali-soluble carboxylic acid. This is because the ester has an electron attracting 
group such as a haloalkyl group, a substituted oxycarbonyl group, a cyano group or an aryl group at the cc-position of a 
carbon atom to which the ester group is bonded, and the hydrogen atom is very easily withdrawn or eliminated. Accord- 
ingly, this compound is useful as a monomer or its material for resist resins (e.g., acrylic resins, and polyesters) which 
have satisfactory eliminating property and adhesion to a substrate. Especially, compounds where R c is a substituted 
oxycarbonyl group or a cyano group are highly hydrophilic and serve to improve the adhesion to a substrate. 

♦ 

[a-Hydroxy-y-butyrolactone Derivative 3] 

[0161] The invented cc-hydroxy-y-butyrolactone derivative of the formula (6d) can be produced by using an alcohol 
where R a is a hydrogen atom and R b is a hydrocarbon group or a heterocyclic group as the material alcohol of the for- 
mula (2) in the aforementioned process for producing an a-hydroxy-y-butyrolactone derivative. 

[0162] In the formula (6d), the hydrocarbon groups and heterocyclic groups indicated by R b2 , and preferred R 152 are 
similar to the groups exemplified as the hydrocarbon groups and heterocyclic groups in R b , and as preferred R b The 
organic groups in R d and R e , and preferred R d and R e are similar to those stated above. 

[0163] Typical examples of the compounds of the formula (6d) are a-hydroxy-y-methyl^y-butyrolactone, cc-hydroxy- 
a,y-dimethyl^y-butyrolactone, y-ethyl-ct-hydroxy-y-butyrolactone, a-hydroxy-y-propyl-y-butyrolactone, y-butyl-a-hydroxy- 
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y-butyrolactone, a-hydroxy-y-pentyl-y-butyro lactone, y-hexyl-a-hydroxy-y-butyro lactone, and a-hydroxy-y-phenyl-y-buty- 
rolactone. 

[0164] The a-hydroxy-7-butyrolactone derivatives 3 can be used as materials for pharmaceuticals, agricultural 
chemicals, and other fine chemicals. Of the derivatives, compounds where R d is a hydrogen atom can be used as mon- 
omers materials thereof for resist resins (e.g., acrylic resins and polyesters) having satisfactory eliminating property and 
adhesion to a substrate, for the same reason as mentioned above. 

[a-(Meth)acryloyloxy-7-butyrolactone Derivative] 

[0165] In the invented a-(meth)acryloyloxy-y-butyro lactone derivative of the formula (8), hydrocarbon groups and 
heterocyclic groups indicated by R a3 and R 63 and preferred R a3 and R* 33 are similar to the groups exemplified as the 
hydrocarbon groups and heterocyclic groups in R a and R b , and as preferred R a and R b . The organic groups in R c « R d 
and R e , and preferred R c , R d and R e are similar to those stated above. 

[0166] Typical examples of the a-(meth)acryloyloxy-y-butyrolactone derivatives of the formula (8) include, but are 
not limited to, acrylic esters and methacrylic esters corresponding to the compounds exemplified as typical examples 
of the compounds of the formula (6b), (6c), and (6d), as well as acrylic esters and methacrylic esters corresponding to 
a-hydroxy-y^dimethyl-T-butyroiactone, a-rydroxy-o^y^trimemyl -y-butyrolactone, a-hydroxy-p,y,^trimethyl-y-butyrolac- 
tone, y-hexyl-a-hydroxy-Y-methyl-y-butyrolactone, and y-t-butyl-a-hydroxy-yH7iethyl-7^butyro lactone. 
[0167] The a-{meth)acryloyloxy-y-butyrolac:one derivatives of the formula (8) can be produced, for example, by the 
following process (i), (ii) or (iii). In the process (i), an a-hydroxy-y*>utyrolactone derivative (hereinafter referred to as °g> 
hydroxy-y-butyrolactone derivative 4°) is allowed to react with (meth)acrylic acid in the presence of an acid catalyst such 
as hydrochloric acid, sulfuric acid, or p-toluenesulfonic acid. The a-hydroxy-y-butyrolactone derivative 4 is obtained by 
using an alcohol where each of R a and R b is a hydrogen atom, a hydrocarbon group or a heterocyclic group as the 
material alcohol of the formula (2) in the invented process for producing an a-hydroxy-y-butyrolactone derivative. In the 
process (ii), the cc-hydroxy^y-butyrolactone derivative 4 is allowed to react with a (meth)acrylic acid haiide in the pres- 
ence of a base such as triethylamine. In the process (iii), the a-hydroxy-y*utyrolactone derivative 4 and a (meth)acrylic 
ester is subjected to transesteriflcation in the presence of a transesterification cataJyst In the processes (i) and (ii), the 
reaction can be performed under usual esterification conditions. In the process (iii), the transesterification can be per- 
formed using a conventional transesterification catalyst such as sodium alkoxides, aluminium alkoxides, and titanates. 
However, the compounds of the formula (8) can be obtained in high yields by using vinyl (meth)acrylate, propenyl 
(meth)acrylate, and another (meth)acrylic acid C 2 -C 4 alkenyl ester as the (meth)acrylic ester and by using a compound 
of Group 3 element of the Periodic Table of Elements (e.g., samarium iodide, samarium triflate, samarium complexes, 
and other samarium compounds) as the transesterification catalyst. 

[0168] The a- (meth)acryloyloxy-y-butyro lactone derivatives of the formula (8), particularly compounds where R d is 
a hydrogen atom themselves are insoluble in alkalis but are easily decomposed by acids to yield alkali-soluble carbox- 
ylic acids. In addition, the lactone ring is highly hydrophilic. Accordingly, polymers including such compounds as mon- 
omeric components have satisfactory eliminating property and are highly adhesive to a substrate, and can be 
advantageously used as resist materials. 

[Polymer and Photosensitive Resinous Composition] 

[0169] In the invented polymers each having a structural unit of the formula (9), the substituents R a3 , R b3 , R c , R d , 
R e , and R 9 are similar to those in the a-(meth)acrytoyloxy-y-butyrolactone derivatives of the formula (8). 
[0170] The polymer having a structural unit of the formula (9) may be a homopolymer of the a-(meth)acryloyloxy-^ 
butyrolactone derivative of the formula (8) or a copolymer of the a-(meth)acryloyloxy-y-butyroiactone derivative of the 
formula (8) with another copolymerizable monomer. Such copolymerizable monomers include, but are not limited to, 
unsaturated carboxylic acids [e.g., (meth)acryfic acid, fumaric acid, maleic acid, and itaconic acid], esters of the unsatu- 
rated carboxylic acids [esters of the unsaturated carboxylic acids with aliphatic, alicyclic or aromatic alcohols which may 
have a substituent, phenols, or hydroxylactones], (meth)acrylonitrile, and styrenic monomers. Preferred copolymeriza- 
ble monomers are 1-(1-(meth)acryloyloxy-1-methylethyl)adamantane, 3-(1-(meth)acryloyloxy-1-methylethyl)-1 -ada- 
mantanol, 3-((meth)acryloyloxy)-1-adamantanol, and other (meth)acrylic ester compounds each having an 
adamantane skeleton having one or more hydroxyl groups, which may be protected by a protective group, on the ada- 
mantane ring; 2-hydroxy-6-((meth)acryloyloxy)-tricyclo[5.2.1.0 2 ^decane, 2-hydroxy-6-((meth)acryloyloxy)tricy- 
clo[5.2.1.0 2 « 6 ]decane, 2-(1-(meth)acryloyloxy-1-methylethyl)-tricycio[5.2.1.0 2 ' 6 ]decane, 6-hydroxy-2-(1- 

(mem)acryloyloxy-1-methylemyl)-tricyclo[5.2.1.0 2 ' 6 ]decane, and other (meth)acryiic ester compounds having an alicy- 
clic carbon ring. These monomers can impart etching resistance to the resulting polymer. The ratio of the pc-(meth)acry- 
loyloxy-rbutyrolactone derivative of the formula (8) to the other monomer (e.g., the (meth)acrylic ester compound 
having an alicyclic carbon ring) in the copolymer is not particularly limited, and the formerAhe latter is, for example, 
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about 25/75 to 70/30. 

[0171] The polymer has a weight average molecular weight of, for example, about 5000 to 50000, and preferably 
about 7000 to 20000. 

[0172] The polymer can be produced by a conventional polymerization process. In this procedure, each one or 
5 more species of the a-(meth)acryloyloxy^y-butyrolactone derivatives of the formula (8) and the copolymerizable mono- 
mers can be respectively employed. 

[0173] The polymer has a lactone ring and is highly hydrophilic, and has a high adhesion to a substrate when used 
as a resist resin. The polymer has an ester group bonded to the cc-position of a carbonyl group of the lactone ring and 
is easily decomposed by acids to eliminate the lactone ring. The polymer is therefore useful as a photoresist resin hav- 
io ing satisfactory definition (photosensitivity, sensitivity) and adhesion to a substrate. 

[0174] The invented photosensitive resinous composition (e.g., a photoresist resinous composition) is character- 
ized by including the polymer having a structural unit of the formula (9) and a light-activatable acid generator. 
[0175] Such fight-activatable acid generators include conventional compounds that efficiently generate acids by 
exposure to light Such compounds include, but are not limited to, diazonium salts, iodonium salts (e.g., diphenyliodo 

15 hexailuorophosphate), sulfbnium salts (e.g., triphenylsulfonium hexafluoroantimonate, triphenylsulfonium hexafluoro- 
phosphate, and triphenylsulfonium methanesutfonate), sulfonates [e.g., 1 -phenyl- 1 -(4-methylphenyl)su If onyloxy-1 -be n- 
zoylmethane, 1 ,2,3-trisurfonyloxymethylbenzene, 1,3-dinrtro-2-(4-phenylsulfbnyloxymethyl)benzene, and 1-phenyl-1- 
(4-methylphenylsuffonyloxymethyl)-1-hydroxy-1-benzoylmethane], oxathiazole derivatives, s-triazine derivatives, disul- 
fone derivatives (e.g., diphenyldisulfone), imide compounds, oxime sulfonates, diazonaphthoquinone, and benzoin 

20 tosylate. Each of these light-activatable acid generators can be used alone or in combination. 

[01 76] The proportion of the light-activatable acid generator can be appropriately selected according to the strength 
of an acid formed by light irradiation or the content of the structural unit of the formula (9) in the polymer, and is, for 
example, about 0.1 to 30 parts by weight, preferably about 1 to 25 parts by weight, and more preferably about 2 to 20 
parts by weight relative to 1 00 parts by weight of the polymer. 

25 [0177] The photosensitive resinous composition may further comprise, for example, alkali-soluble resins (e.g., 
novolak resins, phenol resins, imide resins, and carboxyl-group-containing resins), and other alkali-soluble compo- 
nents, coloring agents (e.g., dyes), and organic solvents (e.g., hydrocarbons, halogeriated hydrocarbons, alcohols, 
esters, ketones, ethers, Cellosolves, Carbitols, qlycol ether esters, and mixtures of these solvents). 
[0178] The invented photosensitive resinous composition can be prepared by mixing the polymer (acid sensitive 

30 polymer) and the light-activatable acid generator, and the organic solvent or the like according to necessity, and remov- 
ing, where necessary, contaminants by a filter or other conventional solid separation means. 

[0179] Fine patterns can be precisely formed by applying the photosensitive resinous composition onto a base or 
a substrate, drying the applied composition, irradiating the applied film (resist film) with a light beam through a prede- 
termined mask (or further subjecting the film to post exposure baking) to form a patterned latent image, and subjecting 
35 the film to developing. 

[0180] Such bases or substrates include, but are not limited to, silicon wafers, metals, plastics, glasses, and ceram- 
ics. The photoresist resinous composition can be applied by a conventional applying means such as spin coating 
device, dip coating device, and coating device by roller. The thickness of the coated film is, for example, about 0.1 to 20 
jim and preferably about 0.3 to 2 ujti. 

40 [0181] Light beams having different wavelengths such as ultraviolet rays and X-rays can be employed for light expo- 
sure. For semiconductor resists, g-ray, i-ray, and excimer lasers (e.g., XeCI, KrF, KrCI, ArF, and ArCI) can be employed. 
The irradiation energy is, for example, about 1 to 1000 mJ/cm 2 , and preferably about 10 to 500 mJ/cm 2 . 
[0182] Light irradiation allows the light-activatable acid generator to form an acid, and this acid permits the cyclic 
moiety of the structural unit of the formula (9) of the polymer to rapidly eliminate. Thus, a carboxyl group is formed and 

45 is involved in solubilization. Accordingly, a predetermined pattern can be precisely formed by developing the film with 
water or an alkali developer. 

[0183] The invented resinous compositions can be used for various applications such as circuit forming materials 
(e.g., resists for semiconductor production, printed wiring boards), and image-forming materials (e.g., printing plate 
materials, and relief printing materials). 

50 

[Production of P-Hydroxy-y-butyrolactone Derivative] 

[0184] According to the invented process for producing a p-hydroxy-y-butyrolactone derivative, a compound where 
R d is a hydrogen atom in the a-hydroxy-Y-butyrolactone derivative of the formula (6), i.e., the compound of the formula 
55 (6a) is dissolved in a solvent 

[0185] Such solvents include, but are not limited to, the aforementioned solvents. A reaction rate can be enhanced 
by adding a small portion of water, or a catalytic amount of an acid to a reaction system. Such acids include, for exam- 
ple, sulfuric acid, hydrochloric acid, nitric acid, phosphoric acid, p-toluenesulfonic acid, a heteropolyacid, or a cation 
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exchange resin. 

[0186] A reaction temperature is, for example, about 0°C to 150°C, and preferably about 20°C to 1 00°C. The reac- 
tion can smoothly proceed even at a temperature ranging from room temperature to about 40°C. 
[0187] In a reaction mixture, an a,p-unsaturated-y-butyrolactone derivative of the following formula (23): 



0 




(23) 



wherein R a , R , R c , and R e have the same meanings as defined above, is observed. Accordingly, the isomerization 
reaction is supposed to proceed in the following manner. In the reaction, the ct-hydroxy-y-butyrolactone derivative of the 
formula (6a) undergoes dehydration reaction to yield the c^P-unsatui^ed-y-butyrolactone derivative of the formula (23), 
and this-compound is then hydrated. 

[0188] After the completion of the reaction, reaction products can be easily separated and purif ied in a conventional 
technique, such as filtration, concentration, distillation, extraction/crystallization, recrystallization, column chromatog- 
raphy and other separation means, or any combination of these separation means. 

[y-Butyrolactone Derivative] 

[0189] In the invented y^butyrolactone derivatives of the formula (10), R a , R c * R d , and R e have the same meanings 
as in the formulae (2) and (5). Preferred R a includes, for example, hydrogen atom; methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, s-butyl, t-butyl, pentyl, hexyl, octyi, decyl, and other 0,-0,0 aliphatic hydrocarbon groups (especially, alky! 
groups); cyclopentyl, cyclohexyl, cyclohexenyl, and other C 3 -C 15 cycloalkyl groups or cycloalkenyl groups. More pre- 
ferred R a includes, for example, hydrogen atom; methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, and other 0,-C 4 
alkyl groups. Preferred R c , R d , and R e are the same as in the formula (5). 

[0190] The bridged cyclic hydrocarbon group in R M in the formula (10) includes, for example, bicyclic, tricyclic or 
tetracyclic bridged hydrocarbon groups, of which bicyclic or tricyclic bridged hydrocarbon groups are preferred. 
[0191] Illustrative bridged rings in the bridged cyclic hydrocarbon groups include the bridged rings exemplified in 
the explanation of the formula (2). The bridged cyclic hydrocarbon group may be bonded to the ^butyro lactone ring 
through any carbon atom constituting the bridged ring, but should be preferably bonded through a carbon atom at a 
bridgehead position (junction position). 

[0192] These bridged rings may have a variety of substituents. Such substituents include, but are not limited to, hal- 
ogen atoms (fluorine, chlorine, bromine, and iodine atoms), oxo group, hydroxy! groups which may be protected by a 
protective group, hydroxymethyl groups which may be protected by a protective group, amino groups which may be pro- 
tected by a protective group, carboxyl groups which may be protected by a protective group, substituted oxycarbonyl 
groups, substituted or unsubstituted carbamoyl groups, n'rtro group, acyl groups, cyano group, alkyl groups (e.g., 
methyl, ethyl, and other C r C 4 alkyl groups), cycloalkyl groups, aryl groups (e.g., phenyl, and naphthyl groups), and het- 
erocyclic groups. Especially, compounds having hydrophilic substituents are useful as intermediate materials for mon- 
omers of resist resins. Such hydrophilic substituents include, for example, oxo group, hydroxyl groups which may be 
protected by a protective group, hydroxymethyl groups which may be protected by a protective group, amino groups 
which may be protected by a protective group, and carboxyl groups which may be protected by a protective group. 
These compounds have satisfactory adhesion to a substrate. 

[0193] As the protective groups for hydroxyl group and hydroxymethyl group, protective groups for amino group, 
and protective groups for carboxyl group, the conventional protective groups mentioned above can be employed. 
[0194] Illustrative compounds of the formula (1 0) include, for example, y-(1 -adamantyl)-a-hydroxy-y-butyrolactone, 
y-(1 -adamantyl)-a-hydroxy-y-methyl-7-butyrolactone, y-(1 -adamantyl)-rethy I -oc-hydroxy-y-butyro lactone, y-(1 -ada- 
mantyl)-a-hydroxy-Y-isopropyl-y-butyroIactone, y-(1 -adamantyl)-a-hydroxy-a,7-dimethyl-^butyro lactone, y-(1 -ada- 
mantyl)-a-hydroxy-r3,^dimethyl-Y-butyrolactone, y^(3-hydroxyadamant-1 -yl)-a-hydroxy-y-methyl^butyrolactone, y^(3- 
carboxyadamant-1-yl)-a-hydroxy^methyl-Y-butyrolactone, a-hydroxy-^methyl-r(3a-perhydroindenyl)-^butyro lactone, 
y^(4a-decalinyl)-a-hydroxy-y-methyl-y-butyrolactone, y^(8a-hydroxydecalin-4a-yl)-a-hydroxy-Y-methyl-y^butyro lactone, 
a-hydroxy-y-memyl-y-(4a-perhydrofluoreny0-r^utyrolactone, a-hydroxy-Y-methyl-y-(4a-pemydroanthracenyl)-^butyrol- 
actone, cc-hydroxy-y-m ethyl -y-(8a-perhydrophenanthrenyl)-^butyrolactone, a-hydroxy-y-methyl-y-(2-tricy- 

clo[5.2.1 .O^decanyO-rbutyrolactone, a-hydroxy-y-(6-hydroxytricyclo[5.2.1 .0 2 ' 6 ]decan-2-yl)-y-methyl-Y-butyrolactone, 
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a4iydroxy-y-methyl-Y-(2a^eitiydroacenaphthenyl)-745utyrolactone, a-hydroxy^methyl-Y-(3a-perhydrophenaienyl)-Y- 
butyrolactone, a-hydroxy-7-methyl-*y-(1 -norborn any l)-y-butyro lactone, and a-hydroxy-Y-methyl^(2-norbornen-1-yl)-y- 
butyrolactone; and acryloyl derivatives and methacryloyl derivatives corresponding to these compounds. 

[0195] Of the Y-butyrolactone derivatives of the formula (1 0), a compound where R is a hydrogen atom (cc-hydroxy- 
y-butyrolactone derivative) can be produced by the invented process for producing an a-hydroxy-y-butyrolactone deriv- 
ative. 

[0196] Specifically, the compound can be produced by allowing an alcohol of the following formula (24): 



OH 




(24) 



wherein R a and R M have the same meanings as defined above, to react with the a,3~unsaturated carboxylic acid deriv- 
ative of the formula (5) in the presence of molecular oxygen by catalysis of the imide compound of the formula (1). 
[0197] Typical examples of the alcohols of the formula (24) include 1-adamantanemethanol,.a-methyl-1-adaman- 
tanemethanol. a-ethyl-l-adamantanemethanol, ct-isopropy1 -1-adamantanemethanol, 3-hydroxy-a-methyM -adaman- 
tanemethanol, 3 -carboxy-a-methy I- 1-adamantanemethanol, a-methyl-3a-perhydroindenemethanol, a-methyl-4a- 
decalinmethanol, 8a- hydroxy -tt-methyl-4a-decalinmethanol, a-methyl-4a-perhydrofluorenemethanol, a-methyl-4a-per- 
hydroanthracenemerhanol, ra-methyl-8a-perhydrophenanthrenemethanol, a-methyl-2-tricyclo[5.2.1.0 2,6 ]decanemetha- 
nol, 6-hydroxy-a-methyl-2-tricyclo[5.2.1.0 2,6 ]decanemethanol, a-methyl-2a-perhydroacenaphthenemethanol, cc- 
methyl-3a-pemydrophenalenemethanol, a-methyM-norbornanemethanol, and a-methyl-2-norbornene-1 -methanol. 
[0198] The alcohol of the formula (24) can be obtained, for example, by reducing a carbonyl compound of the fol- 
lowing formula (25): 



wherein R a and R M have the seine meanings as defined above, with, for example, lithium aluminium hydride, sodium 
borohydride or analogues thereof, and other metal hydrogen complex compounds or metal hydrogen compounds 
(hydrido reduction), or by subjecting the carbonyl compound of the formula (25) to catalytic reduction with hydrogen in 
the presence of a catalyst Such catalysts include, for example, Ru-C, Cr-Cu, Rh-C, platinum oxide, and Raney nickel. 
The reduction can be performed in a solvent at a temperature of about -100°C to 150°C depending on the type of the 
reduction process. Such solvents include, but are not limited to, diethyl ether, tetrahydrofuran, and other ethers; hexane, 
and other aliphatic hydrocarbons; toluene, and other aromatic hydrocarbons; methanol, and other alcohols; methylene 
chloride, and other halogenated hydrocarbons; and acetic acid, and other carboxylic acids. 

[0199] The carbonyl compound of the formula (25) can be prepared, for example, by allowing a bridged cyclic 
hydrocarbon of the following formula (26): 

R 64 — H (26) 

wherein R M has the same meaning as defined above, to react with a 1 ,2-dicarbonyl compound of the following formula 
(27): 



0 0 
R a -C-C-R a 



(27) 
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wherein R a has the same meaning as defined above, in the presence of oxygen, and a metallic compound and/or the 
imide compound of the formula (1). 

[0200] Typical examples of the 1 ,2-dicarbonyl compound include biacetyl(2,3-butanedione) f and 3,4-hexanedione. 
Molecular oxygen is often used as the oxygen. The metallic compound includes, but is not limited to, cobalt acetate, 
acetylacetonatocobalt, and other cobalt compounds, acetylacetonatovanadium, vanadyl acetylacetonato, and other 
vanadium compounds. The imide compound includes, for example, N-hydroxyphthalimide. 

[0201] The proportion of the 1 ,2-dicarbonyl compound is, for example, about 1 to 50 moles, and preferably about 
1.5 to 20 moles relative to 1 mole of the bridged cyclic hydrocarbon of the formula (26). The oxygen is used in excess 
amounts relative to the bridged cyclic hydrocarbon of the formula (26) in many cases. The proportion of the metallic 
compound is, for example, 0.00001 to 1 mole, and preferably about 0.0001 to 0.1 mole relative to 1 mole of the bridged 
cyclic hydrocarbon of the formula (26). The amount of the imide compound is, for example, about 0.00001 to 1 mole, 
and preferably about 0.001 to 0.7 mole relative to 1 mole of the bridged cyclic hydrocarbon of the formula (26). The 
metallic compound and the imide compound may be employed in combination. A reaction is generally performed in an 
organic solvent such as acetic acid, benzonitrile, or trifluoromethylbenzene. A reaction temperature is, for example, 
about 0°C to 300°C, and preferably about 40°C to 150°C. Reaction products can be separated and purified by filtration, 
concentration, distillation, crystallization, recrystallization, column chromatography, and other conventional separation 
means. 

[0202] The compound of the formula (5) is the same as illustrated above. The reaction between the alcohol of the 
formula (24) and the compound of the formula (5) can be psrformed under the conditions described in the invented 
process for producing an a-hydroxy-y-butyrolactone derivative. 

[Production of a-(Meth)acryloyioxy-y-butyrolactone Derivative] 

[0203] Of the y^butyrolactone derivatives of the formula (10), a compound where R is an acryloyl group or a meth- 
acryloyl group [a-(meth)acryloyloxy^y-butyrolactone derivative] can be produced, for example, by the following process 
(i), (ii) or (iii). In the process (i), an a-hydroxy-y-butyrolactone derivative where R is a hydrogen atom among the y-buty- 
rolactone derivatives of the formula (10) is allowed to react with (meth) acrylic acid in the presence of an acid catalyst 
such as hydrochloric acid, sulfuric acid, or p-toluenesulfonic acid. In the process (ii), the a-hydroxy-y-butyrolactone 
derivative is allowed to react with a (meth)acrylic halide in the presence of a base such as triethylamine. In the process 
(iii), the a-hydroxy-y-butyrolactone derivative is subjected to transesterification with a (meth)acrylic ester in the pres- 
ence of a transesterification catalyst. In the processes (i) and (ii), the reaction can be performed under usual esterifi ca- 
tion conditions. In the process (iii), the transesterification can be performed using a conventional transesterification 
catalyst such as sodium alkoxides, aluminium aikoxides, and titanates. However, the a-(meth)acryloyloxy-y^butyrolac- 
tone derivative can be obtained in a high yield by using vinyl (meth)acrylate, propenyl (meth)acrylate, and another 
(meth)acrylic acid C 2 -C 4 alkenyl ester as the (meth)acrylic ester and by using a compound of Group 3 element of the 
Periodic Table of Elements (e.g., samarium iodide, samarium triflate, samarium complexes, and other samarium com- 
pounds) as the transesterification catalyst 

[0204] The invented y-butyro lactone derivatives of the formula (1 0) are useful as materials for photosensitive resins, 
and other functional polymers, and materials for pharmaceuticals, agricultural chemicals, and other fine chemicals. Par- 
ticularly, the a-(meth)acryloyloxy-y-butyrolactone derivatives, especially compounds where R d is a hydrogen atom, are 
insoluble themselves in alkalis but are easily decomposed by acids to yield alkali-soluble carboxylic acids. In addition, 
a lactone ring is highly hydrophilic and the compounds are satisfactory in etching resistance due to the bridged ring 
bonded to the y-position. Accordingly, polymers including such compounds as monomeric components have satisfac- 
tory eliminating property and are highly adhesive to a substrate, and can be advantageously used as resist resins. 
[0205] For example, a photosensitive resinous composition (e.g., a photoresist resinous composition) can be pre- 
pared by mixing a homo- or co-polymer containing the a-(meth)acryloyloxy-y-butyrolactone derivative as a monomer 
with the light-activatable acid generator. 

3. Production of Conjugated Unsaturated Compound 

[0206] The alcohol of the formula (2a) is allowed to react with the active olefin of the formula (3a) in the presence 
of molecular oxygen by catalysis of the imide compound of the formula (1) to yield the conjugated unsaturated com- 
pound of the formula (11). 

[0207] Organic groups in R 1 and R* in the formula (2a) are the same as the organic groups in R a and R b . Rings 
which are formed by R 1 and R* with the adjacent carbon atom include the rings which are formed by R a and R b with the 
adjacent carbon atom. 

[0208] Preferred substituent R 1 includes, for example, hydrogen atom; methyl, ethyl, propyl, isopropyl, butyl, and 
other alkyl groups, and C 6 -C 14 aryl groups. Preferred Ri includes, for example, hydrogen atom, C-,-C 10 aliphatic 
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hydrocarbon groups (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl, octyl, and decyl 
groups; particularly C-i-C-jq alkyl groups), and alicyclic hydrocarbon groups (e.g., cyclopentyl, cyclohexyl, cyclohexenyl, 
and other C3-C 15 cycloalkyl groups or cycloalkenyl groups; and bridged cyclic hydrocarbon groups). Alternatively, R* 
and R* are preferably combined to form a non-aromatic carbon ring having about 3 to 15 members (particularly about 5 
to 8 members) with the adjacent carbon atom. 

[0209] The alcohols of the formula (2a) include a wide variety of primary alcohols. Typical examples of such alco- 
hols include, but are not limited to, ethanol, 1-propanol, 1-butanol, 2-methyl-1-propanol, 1-pentanol, 1-hexanol, 1-octa- 
nol, 1-decanol, 1-hexadecanol, 2-buten-1 -ol, and other saturated or unsaturated aliphatic primary alcohols each having 
about 2 to 30 (preferably about 2 to 20, and more preferably about 2 to 15) carbon atoms; cyclopentylmethyl alcohol, 
cyclohexylmethyl alcohol, 2-cyclohexylethyl alcohol, and other saturated or unsaturated alicyclic primary alcohols; 2- 
phenylethyl alcohol, 3-phenylpropyl alcohol, cinnamic alcohol, and other aromatic primary alcohols; and 2-(2-hydroxye- 
thyl)pyridine, and other heterocyclic alcohols. 

[0210] The compounds of the formula (3a) correspond to compounds where R c is a hydrogen atom among the 
compounds of the formula (3). The substituents R d , R e , and Y in the formula (3a) have the same meanings as in the 
formula (3). 

[0211] A reaction can be performed in accordance with the invented process for producing a 1 ,3-dihydroxy com- 
pound. In this reaction, a compound corresponding to the formula (4) (a compound where R a = R'RJCH group, and R b 
= R c =s H in the formula (4)) can be formed in addition to the conjugated unsaturated compound of the formula (11). 
When a compound where Y = C0 2 R f is used as the compound of the formula (3a), a compound corresponding to the 
formula (6) (a compound where R a = R'RiCH group, and R b = R c = H in the formula (6)) can be formed in addition to the 
conjugated unsaturated compound of the formula (11). 

[021 2] For example, when n-propyl alcohol is allowed to react with ethyl acrylate, ethyl 2,4-dihydroxyhexanoate cor- 
responding to the formula (4) and 4-ethyl-2-hydroxy-Y-butyrolactone corresponding to the formula (6) are formed under 
some conditions, in addition to the target ethyl sorbate. 

[0213] The conjugated unsaturated compound of the formula (1 1) is supposed to be formed in the following man- 
ner. Initially, a dihydroxy compound corresponding to the formula (4) [a compound where R a = R^CH group, and R b = 
R c = H in the formula (4)] is formed, and two molecules of water are then eliminated from this compound. Reaction prod- 
ucts can be separated and purified in the same separation means as above. 

4. Production of 0-Hydroxyacetal Compound 

[0214] The acetal of the formula (12) is allowed to react with the active olefin of the formula (3) in the presence of 
molecular oxygen by catalysis of the imide compound of the formula (1) to yield the p-hydroxyacetal compound of the 
formula (13). 

[0215] In the formula (12), organic groups in R k , R m , and R n include organic groups similar to those in R a and R b . 
Rings formed by R m and R n with the adjacent two oxygen atoms and carbon atom include, for example, 1 ,3-dioxolane 
ring and 1 ,3-dioxane ring. To these rings, substituents such as alkyl groups and halogen atoms can be bonded. 
[0216] Preferred substituent R k includes, for example, hydrogen atom; methyl, ethyl, propyl, isopropyl, butyl, iso- 
butyl, s-butyl, t-butyl, pentyl, hexyl, octyl, decyl, and other C r C 10 aliphatic hydrocarbon groups (especially, C A -C 4 alkyl 
groups); cyclopentyl, cyclohexyl, cyclohexenyl, adamantyl, and other alicyclic hydrocarbon groups (cycloalkyl groups, 
cycloalkenyl groups, and bridged cyclic hydrocarbon groups) each having about 3 to 1 5 carbon atoms; and phenyl, 
naphthyl, and other C 6 -C 14 aryl groups. Preferred R m and R n include, for example, hydrogen atom; methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, hexyl, and other C-|-C 6 aliphatic hydrocarbon groups (particularly, C-j-C 4 alkyl groups); and 
cyclopentyl, cyclohexyl, and other alicyclic hydrocarbon groups each having about 3 to 10 carbon atoms. Alternatively, 
R m and R n are preferably combined to form a ring with the adjacent two oxygen atoms and carbon atom. 
[0217] The acetais of the formula (12) include compounds exemplified as the acetals (A1-3) each having a carbon - 
hydrogen bond at the adjacent position to an oxygen atom. Typical examples of such acetals include 1 ,3-dioxolane, 2- 
methyl-1 ,3-dioxolane, 2-ethyl-1 ,3-dioxolane, and other 1 ,3-dioxolane compounds; 2-methyl-1 ,3-dioxane, and other 1 ,3- 
dioxane compounds; and acetaldehyde dimethyl acetal, and other dialkyl acetals. 

[0218] The active olefin of the formula (3) is the same as stated above. A reaction can be performed according to 
the invented process for producing an organic compound. Reaction products can be separated and purified in the same 
separation means as abovei 

[0219] In this reaction, the 3-hydroxyacetal compound of the formula (13) is supposed to be formed in the following 
manner. Initially, a 1,1-di-substituted oxyalkyl radial corresponding to the acetal of the formula (12) is formed, and this 
radical attacks and is added to a carbon atom at the p-position of the group Y between the two carbon atoms constitut- 
ing an unsaturated bond of the active olefin of the formula (3), and oxygen attacks a radical at the a-position formed 
through addition. 
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5. Production of Hydroxy Compound 

[0220] The compound of the formula (14) having a methine carbon atom is allowed to react with the active olefin of 
the formula (3) in the presence of molecular oxygen by catalysis of the imide compound of the formula (1) to yield at 

5 least one hydroxy compound selected from the formulae (1 5) and (1 6). 

[0221] The organic groups in R°. R p and R q in the formula (14) include organic groups similar to those in R a and 
R b . Preferred organic groups include, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, pentyl, 
hexyl, octyl, decyl, and other C^-C^ aliphatic hydrocarbon groups (especially, C-,-C 4 alkyl groups); cyclopentyl, 
cyclohexyl, cyclohexenyl, adamantyl, and other alicyclic hydrocarbon groups (cycloalkyl groups, cycloaikenyl groups, 

io and bridged cyclic hydrocarbon groups) each having about 3 to 15 carbon atoms; and phenyl, naphthyl, and other C 6 - 
C 14 aryl groups. 

[0222] "The rings formed by R°, R p , and R q (R° and R p , R p and R q , R° and R q , or R° and R p and R q ) together with 
the adjacent carbon atom include, but are not limited to, cyclopropane, cyclobutane, cyciopentane, cyclopentene, 
cyclohexane, cyclohexene, cyclooctane, cyclodecane, cyclododecane, and other monocyclic alicyclic carbon rings 

is (cycloalkane rings and cycloalkene rings) each having about 3 to 20 members (preferably about 3 to 15 members, more 
preferably about 5 to 15 members, and typically about 5 to 8 members); adamantane ring, perhydroindene ring, decalin 
ring, perhydrofluorene ring, perhydroanthracene ring, perhydrophenanthrene ring, tricyclo[5.2.1.0 2 ' 6 ]decane ring, per- 
hydroacenaphthene ring, perhydrophenalene ring, norbomane ring, norbornene ring, and other bicyclic, tricyclic or tet- 
racyclic bridged carbon rings. These rings may have substituents (e.g., groups similar to the substituents which the 

20 hydrocarbon groups in R a and R b may have). 

[0223] When R°, RP and R q are combined to form a bridged cyclic carbon ring with the adjacent carbon atom, the 
methine carbon atom indicated in the formula (14) should be preferably a carbon atom at a bridgehead position. 
[0224] The compounds of the formula (14) having a methine carbon atom include, for example, compounds exem- 
plified as the compounds (A3) such as the bridged cyclic compounds (A3-1 a), the non-aromatic cyclic compounds (A3- 

25 1 b) each having a hydrocarbon group bonded to its ring, and the chain compounds (A3-2) each having a methine car- 
bon atom. 

[0225] The active olefin of the formula (3) has the same meaning as above. A reaction can be performed according 
to the invented process for producing an organic compound. Reaction products can be separated and purified in the 
same separation means as above. 

30 [0226] In this reaction, the hydroxy compound of the formula (15) or the hydroxy compound of the formula (1 6) is 
supposed to be formed in the following manner. A radical is formed at the methine carbon position of the compound of 
the formula (14), and the radical attacks and is added to a carbon atom at the cc-position or a carbon atom at the p-posi- 
tion of the group Y between the two carbon atoms constituting an unsaturated bond of the active olefin of the formula 
(3), and oxygen attacks a radical at the cc-position or P-pos'rtion formed through addition to yield the hydroxy compound 

35 of the formula (15) or the hydroxy compound of the formula (16). 

[0227] Of the hydroxy compounds of the formula (15) thus prepared, preferred compounds are compounds where 
R°, R p , and R q are combined to form a bridged cyclic carbon ring (e.g., adamantane ring) with the adjacent carbon 
atom, each of R c , R d , and R G is a hydrogen atom or a C r C 4 alkyl group, Y is an alkoxycarbonyi group (e.g., a C r C 4 
alkoxy-carbonyl group), an aryloxycarbonyl group, an acyl group (e.g., a C r C 4 acyl group, or a benzoyl group) or acar- 

40 boxyl group. Such compounds are useful as, for example, materials for pharmaceuticals, agricultural chemicals, and 
other fine chemicals, and materials for functional polymers. 

6. Production of Carbonyl Compound 

45 [0228] The compound of the formula (14) having a methine carbon atom is allowed to react with the active olefin of 
the formula (3b) in the presence of molecular oxygen by catalysis of the imide compound of the formula (1 ) to yield the 
carbonyl compound of the' formula (17). 

[0229] This process corresponds to a case in which a compound having a hydrogen atom as R e is employed as the 
active olefin of the formula (3) in the production of the hydroxy compound. In this case, the carbonyl compound of the 
so formula (1 7) is formed instead of, or in addition to a compound corresponding to the formula (1 5) (R e = H) and/or a com- 
pound corresponding to the formula (1 6) (R e = H). The proportion of the formed both compounds can be controlled by 
appropriately selecting reaction conditions such as reaction temperature, amount of the catalyst, and the type of the co- 
catalyst (metallic compound). 

[0230] The carbonyl compound of the formula (1 7) is supposed to be formed by the oxidation of the compound cor- 
55 responding to the formula (1 5) (R e = H) in a system. 

[0231] Of the carbonyl compounds of the formula (1 7) thus prepared, preferred compounds are compounds where 
R°, R p , and R q are combined to form a bridged cyclic carbon ring (e.g., adamantane ring) with the adjacent carbon 
atom, each of R c and R d is a hydrogen atom or a C r C 4 alkyl group, Y is an alkoxycarbonyi group (e.g., a C-j-C 4 aikoxy- 
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carbonyl group), an aryloxycarbonyl group, an acyl group (e.g., a C r C 4 acyl group, or a benzoyl group) or a carboxyl 
group. Such compounds are useful as, for example, materials for pharmaceuticals, agricultural chemicals, and other 
fine chemicals, and materials for functional polymers. 

7. Production of Compound Having Electron Attracting Group 

[0232] According to the invented process for producing a compound having an electron attracting group, the com- 
pound of the formula (1 4) having a methine carbon atom is allowed to react with the active olefin of the formula (3c) in 
the presence of molecular oxygen by catalysis of the imide compound of the formula (1) to yield the organic compound 
of the formula (18). 

[0233] This process corresponds to a case in which a compound having hydrogen atoms as R c and R d is employed 
as the active olefin of the formula (3) in the production of the hydroxy compound. In this process, the compound of the 
formula (1 8) is formed instead of, or in addition to a compound corresponding to the formula (15) (R c = R d = H), a com- 
pound corresponding to the formula (16) (R c = R d = H) or a compound corresponding to the formula (17) (only in the 
case where R c = R d = H, and R e = H). The proportion of the formed individual compounds can be controlled by appro- 
priately selecting reaction conditions such as reaction temperature, amount of the catalyst, and the type of the co-cat- 
alyst (metallic compound). 

[0234] The compound of the formula (1 8) is supposed to be formed in the following manner. The methylol group of 
a compound corresponding to the formula (1 6) (R c = R d = H) is further oxidized in the system to yield a carboxyl group, 
and the carboxyl group undergoes decarboxylation to yield the compound of the formula (1 8). 

[0235] Of the carbonyl compounds of the formula (18) thus prepared, preferred compounds include compounds 
where R°, R p , and R q are combined to form a bridged cyclic carbon ring (e.g., adamantane ring) with the adjacent car- 
bon atom, R e is a hydrogen atom or a C-j-C 4 alkyl group, and Y is an alkoxycarbony! group (e.g., a C 1 -C 4 alkoxy-carb- 
onyl group), an aryloxycarbonyl group, an acyl group (e.g., a 0^-C 4 acyl group or a benzoyl group) or a carboxyl group. 
Such compounds are useful as, for example, materials for pharmaceuticals, agricultural chemicals, and other fine 
chemicals, and materials for functional polymers. 

8. Production of Alcohol 

[0236] The alcohol of the formula (1 9) can be produced by allowing the alcohol of the formula (2) to react with the 
compound of the formula (14) having a methine carbon atom in the presence of molecular oxygen by catalysis of the 
imide compound of the formula (1 ). 

[0237] The alcohols of the formula (2) include similar alcohols as in the production of the 1 ,3-dihydroxy compound. 
The compounds of the formula (14) having a methine carbon atom include similar compounds as in the production of 
the hydroxy compound. In this process, the compound of the formula (14) having a methine carbon atom is supposed 
to serve as the radical scavenging compound (B2). 

[0238] A reaction can be performed in accordance with the invented process for producing an organic compound. 
Reaction products can be separated and purified by the same separation means as above. 

[0239] According to the reaction, the alcohol of the formula (1 9) is supposed to be formed in the following manner. 
A 1 -hydroxyalkyl radical formed in a system and corresponding to the alcohol of the formula (2) attacks the methine car- 
bon atom of the compound of the formula (14) to yield the alcohol of the formula (19). 

9. Production of Coupling Product 

[0240] The coupling product (a hydrocarbon) of the formula (20) can be obtained by allowing the compound of the 
formula (14a) having a methine carbon atom to react with the compound of the formula (14b) having a methine carbon 
atom in the presence of molecular oxygen by catalysis of the imide compound of the formula (1). 
[0241] In the formulae (14a) and (14b), the organic groups and preferred organic groups in R°\ R p1 , R q1 , R° 2 , RP 2 , 
and R q2 include organic groups similar to those in R°, R p and R q The rings formed by R 01 , RP 1 , and R q1 (R° 1 and R p \ 
R p1 and R q1 , R q1 and R° 1 , or R° 1 and R p1 and R q1 ) together with the adjacent carbon atom, and the rings formed by 
R° 2 , R p2 , and R<* (R 02 and R p2 R p2 and R q2 , R° 2 and R q2 or R 02 and R p2 and R* 2 ) include rings similar to those 
formed by R°, R p , and R q with the adjacent carbon atom. 

[0242] The compounds of the formulae (14a) and (14b) each having a methine carbon atom include the com- 
pounds exemplified as the compounds (A3) such as the bridged cyclic compounds (A3-1a), the non-aromatic cyclic 
compounds (A3-1b) each having a hydrocarbon group bonded to its ring, and the chain compounds (A3-2) each having 
a methine carbon atom. The compound of the formula (14a) and the compound of the formula (14b) may be identical 
to or different from each other. 

[0243] A reaction can be performed in accordance with the invented process for producing an organic compound. 
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Reaction products can be separated and purified by the same separation means as above. 

[0244] In this reaction, the coupling product of the formula (20) is supposed to be formed in the following manner. 
A radical is formed at the methine carbon position of the compound of the formula (14a), and this radical attacks the 
methine carbon atom of the compound of the formula (1 4b) to yield the coupling product of the formula (20). 
[0245] As thus described, the invented process can efficiently produce a variety of organic compounds by an addi- 
tion or substitution reaction under mild conditions. The invented process can further bond a hydroxyrnethyl group, an 
alkoxymethyl group, an acyl group, a tertiary carbon atom or the like directly to a carbon atom constituting an unsatu- 
rated bond of an unsaturated compound or a methine carbon atom of a bridged cyclic compound. In addition, the 
invented process can yield a corresponding 1 ,3-dihydroxy compound from an alcohol, an unsaturated compound, and 
oxygen in a good yield. 

[0246] According to the invention, an a-hydroxy-y-butyrolactone derivative can be efficiently produced under mild 
conditions from easily available materials. 

[0247] The invention can easily and efficiently produce a fj-hydroxy-y-butyrolactone derivative from the a-hydroxy- 
y-butyrolactone derivative. 

[0248] The invention can provide novel a-hydroxy^-butyro lactone derivatives. These compounds are useful as 
materials for pharmaceuticals, agricultural chemicals, and other fine chemicals, photosensitive resins and other func- 
tional polymers. 

[0249] The invented photosensitive resinous composition contains a polymer having a specific structural unit and 
is rapidly and surely dissolved in a developer by actin of an acid which is generated from a light-activatable acid gener- 
ator through light irradiation. The composition can therefore improve developing efficiency and has satisfactory defini- 
tion (resolution) and can stably and precisely form fine patterns. The composition can greatly improve the adhesion of 
a resist film to a substrate. 

[0250] The invented polymer is useful for obtaining the photosensitive resinous composition. 
[0251] The invention further provides novel a-hydroxy-y-butyrolactone derivatives each having a bridged cyclic 
hydrocarbon group bonded to the y-position, and (meth)acryloyl derivatives thereof. These compounds are useful as 
materials for acid-sensitive polymers, and other photosensitive resins constituting photoresist resinous compositions, 
and materials for fine chemicals. 

[0252] The invention can produce a corresponding conjugated unsaturated compound from an alcohoj, an unsatu- 
rated compound, and oxygen. 

[0253] In addition, the invention can produce a corresponding 0-hydroxyacetal compound from an acetal, an 
unsaturated compound, and oxygen in a good yield. 

[0254] Furthermore, the invention can produce a corresponding hydroxy compound from a compound having a 
methine carbon atom, an unsaturated compound, and oxygen in a good yield. 

[0255] The invention can produce a corresponding carbonyl compound from a compound having a methine carbon 
atom, an unsaturated compound, and oxygen in a good yield. 

[0256] The invention can also produce a compound having an electron attracting group from a compound having a 
methine carbon atom, an unsaturated compound, and oxygen in a good yield. 

[0257] Further, the invention can produce a corresponding coupling product (an alcohol) from an alcohol, a com- 
pound having a methine carbon atom, and oxygen in a good yield. 

[0258] In addition and advantageously, the invention can produce a corresponding coupling product (a hydrocar- 
bon) from a compound having a methine carbon atom, and oxygen in a good yield. 

[0259] The present invention will now be illustrated in further detail with reference to several examples below, which 
are not intended to limit the scope of the invention. 

EXAMPLE 1 

[0260] A mixture of 3 mmol of ethyl aery late, 3 ml of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.015 mmol of 
cobalt(ll) acetate, and 0.045 mmol of acetylacetonatocobalt(lll), and 1 ml of acetonitrile was stirred at50°C in an oxy- 
gen atmosphere (1 atm) for 5 hours. A gas chromatographic analysis of products in a reaction mixture revealed that 
ethyl 2,4-dihydroxy-4-methylpentanoate and a-hydroxy-y,y-dimethyl-y^butyrolactone were formed in yields of 35% and 
35%, respectively. The conversion rate from ethyl aery late was 81 %. 

[0261] After 5-hour stirring at 50°C, the mixture was stirred at 70°C for further 4 hours, and the yield of ot-hydroxy- 
y,y-dimethyl-y-butyroIactone became 71%. 

EXAMPLE 2 

[0262] A mixture of 3 mmol of ethyl acrylate, 1 ml of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.06 mmol of 
cobalt(ll) acetate, and 1 ml of acetonitrile was stirred at 60 6 C in an oxygen atmosphere (1 atm) for 5 hours. A gas chro- 
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matographic analysis of products in a reaction mixture revealed that ethyl 2,4-dihydroxy-4-methylpentanoate and a- 
hydroxy-7,Y-dimethyl-y-butyrolactone were formed in yields of 1 % and 43%, respectively. The conversion rate from ethyl 
acrylate was 53%. 

5 EXAMPLE 3 

[0263] A mixture of 3. mmol of ethyl methacrylate, 4 ml of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.015 
mmol of cobalt(ll) acetate, and 0.045 mmol of acetylacetonatocobalt(lll), and 1 ml of acetonitrile was stirred at 70°C in 
an oxygen atmosphere (1 atm) for 5 hours. A gas chromatographic analysis of products in a reaction mixture revealed 
10 that ethyl ^-dihydroxy^^-dimethylpentanoate and a-hydroxy-a,Y,y-trimethyl-Y-butyrolactone were formed in yields of 
1% and 65%, respectively. The conversion rate from ethyl methacrylate was 85%. 

[Spectrum Data of a-Hydroxy-a,Y,Y-trimethyl-7^butyro lactone] 

is [0264] 

1 H-NMR 8: 1.46 (s, 3H), 1.53 (s, 3H), 1.54 (s, 3H), 2.10 (d, 1H, J = 14 Hz), 2.32 (d, 1H, J = 14 Hz), 2.91 (s, 1H) 
13 C-NMR 5: 26.2, 29.0, 48.4, 74.9, 82.3; 1 78.6 

>. * 

20 EXAMPLE 4 

[0265] A mixture of 3 mmol of adamantane, 0.6 mmol of N-hydroxyphthafimide, 0.06 mmol of acetylacetonatovana- 
dium(lll), and 1 ml of acetic acid was stirred at 90°C in an oxygen atmosphere (1 atm) for 6 hours. A gas chromato- 
graphic analysis of products in a reaction mixture revealed that biadamantyl was formed in a yield of 2.7%. 

25 

EXAMPLE 5 

[0266] A mixture of 3 mmol of ethyl acrylate, 3 ml of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.003 mmol of 
cobaft(ll) acetate, 0.015 mmol of acetylacetonatocobalt(lil), and 1. ml of acetonitrile was stirred at 60°C in an oxygen 
30 atmosphere (1 atm) for 12 hours. A gas chromatographic analysis of products in a reaction mixture revealed that ethyl 
2,4-dihydroxy-4-methylpentanoate and a-hydroxy-Y,y-dimethyl-7»butyro lactone were formed in yields of 1.5% and 75%, 
respectively, with a conversion from ethyl acrylate of 81%. 

[Spectrum Data of a-Hydroxy^y-dimethyi-y-butyrolactone] 

35 

[0267] 

1 H-NMR (CDCI3) S: 1.42 (s, 3H), 1.51 (s, 3H), 2.06 (dd, 1H), 2.52 (dd, 1H), 3.03 (brs, 1H), 4.63 (t, 1H) 
40 EXAMPLE 6 

[0268] A mixture of 3 mmol of ethyl acrylate, 1 ml of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.06 mmol of 
cobalt(ll) acetate, and 1 ml of acetonitrile was stirred at 60°C in an oxygen atmosphere (1 atm) for 5 hours. A gas chro- 
matographic analysis of products in a reaction mixture revealed that ethyl 2,4-dihydroxy-4-methylpentanoate and a- 
45 hydroxy-Y,Y-dimethyl-Y^>utyrolactone were formed in yields of 1 % and 43%, respectively. The conversion rate from ethyl 
acrylate was 53%. 

EXAMPLE 7 

50 [0269] A mixture of 3 mmol of ethyl methacrylate, 4 ml of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.015 
mmol of cobalt(n) acetate, 0.045 mmol of acetylacetonatocobalt(lll), and 1 ml of acetonitrile was stirred at 70°C in an 
oxygen atmosphere (1 atm) for 5 hours. A gas chromatographic analysis of products in a reaction mixture revealed that 
ethyl 2,4-dihydroxy-2,4-dimethylpentanoate and a-hydroxy-a,y,7-trimethyl-7-butyrolactone were formed in yields of 1% 
and 65%, respectively. The conversion rate from ethyl methacrylate was 85%. 

55 
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[Spectrum Data of a-Hydroxy-a,Y,y-trimethyl-y-butyrolactone] 

[0270] 

1 H-NMR (CDCI3) 5: 1.46 (s, 3H), 1.53 (s, 3H), 1.54 (s, 3H), 2.10 (d, 1.H, J = 14 Hz), 2.32 (d, 1H, J = 14 Hz), 2.91 
(s,1H) 

13 C-NMR (CDCI3) 5: 26.2, 29.0, 48.4, 74.9, 82.3, 178.6 
EXAMPLE 8 

[0271] A mixture of 3 mmol of ethyl acrylate, 1.5 ml of cyclopentanol, 0.6 mmol of N-hydroxyphthalimide, 0.003 
mmol of cobalt(ll) acetate, 0.015 mmol of acetylacetonatocobait(lll), and 2 ml of acetonitrile was stirred at 60°C in an 
oxygen atmosphere (1 atm) for 7 hours. A gas chromatographic analysis of products in a reaction mixture revealed that 
3-hydroxy-2-oxo-1-oxaspiro[4. 4]nonane was formed in a yield of 53%. The conversion rate from ethyl acrylate was 
83%. 

[Spectrum Data of 3-Hydroxy-2-oxo-1 -oxaspiro[4.4]nonane] 
[0272] 

1 H-NMR (CDCI3) 8: 1.6-1.9 (m, 7H), 2.0-2.1 (m, 1H), 2.28 (dd, 1 H, J = 10.5, 12.8 Hz), 2.55 (dd, 1H, J = 8.1, 12.B 
Hz), 3.18 (d, 1H, J = 3.3 Hz), 4.61 (ddd, 1H, J = 3.3, 8.1,10.5 Hz) 
13 C-NMR (CDCI3) 8: 23.2. 24.2, 38.6, 39.1, 40.8, 68.9, 92.2, 177.1 
IR (neat) (cm -1 ): 3417, 1768 

EXAMPLE 9 

[0273] In 1 ml of acetonitrile, 3 mmol of a-hydroxy-y,y-dimethyl-y-butyro lactone was dissolved, and each one drop 
of water and a concentrated sulfuric acid were added to the resulting solution, and the mixture was stirred at 30°C for 
30 minutes. A gas chromatographic analysis of products in a reaction mixture revealed that p-hydroxy-y,y-dimethyl-y- 
butyrolactone and 2,5-dihydro-5,5-dimethyl-2-furanone were formed in yields of 20% and 22%, respectively. The con- 
version rate from a-hydroxy^y,y-dimethyl^-butyrolactone was 42%. 

[Spectrum Data of p-Hydroxy-y,y-dimethy1-y-butyrolactone] 

[0274] 

1 H-NMR (CDCI3) 8: 1.39 (s), 1.45 (s), 2.49 (dd), 2.98 (dd), 2.95 (s), 4.13 (dd) 
EXAMPLE 10 

[0275] A mixture of 3 mmol of ethyl crotonate, 30 mmol of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.003 
mmol of cobalt(ll) acetate, 0.03 mmol of acetylacetonatocobalt(lll), and 1 ml of acetonitrile was stirred at 70°C in an oxy- 
gen atmosphere (1 atm) for 8 hours. A reaction mixture was subjected to column chromatography on a silica gel to yield 
a-hydraxy-fty.y-trimethyl-y-butyrolactone in a yield of 14% (trans/cis = 74/26). 

[Spectrum Data of a-Hydroxy-p,y,y-trimethyl-y-butyrolactone] 

[Trans-isomer] 

[0276] 

1 H-NM R (CDCI3) 8: 1 . 1 9 (d, 3H, J =7.0 Hz), 1 .28 (s, 3H), 1 .46 (s, 3H), 2.23 (dq, 1 H, J =7.0, 1 1 .4 Hz), 3.01 (bra, 1 H), 
4.15 (d, 1H, J =11.4 Hz) 

13 C-NMR (CDCI3) 8: 12.0, 22.5, 27.4, 47.7, 73.7, 84.8, 176.5 
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[Cis-isomer] 
[0277] 

1 H-NMR (CDCI3) 5: 1 .03 (d, 3H, J= 7.3 Hz), 1 .40 (s, 3H), 1.44 (s, 3H) t 2.23 (dq-like, 1H, J = 7.3, 73 Hz), 2.87 (brs, 
1H), 4.60 (d, 1H, J ^7.3 Hz) 

13 C-NMR (CDCI3) 5: 8.5, 24.0, 27.7, 43.6, 70.9, 86.1, 177.1 
EXAMPLE 11 

[0278] A mixture of 3 mmol of diethyl maleate, 3 ml of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.003 mmol 
of cobalt(ll) acetate, 0.021 mmol of acetylacetonatocobalt(lll), and 1 ml of acetonitrile was stirred at 70°C in an oxygen 
atmosphere (1 atm) for 6 hours. A reaction mixture was subjected to column chromatography on a silica gel to yield a- 
hydroxy-p-ethoxycarbonyl-Y,7^dimethyl-Y-butyrolactone in a yield of 72% (trans/cis = 76/24). The conversion rate from 
diethyl maleate was 90%. 

[Spectrum Data of a-Hydroxy-p-ethoxycarbonyl-y,y-dimethyl-Y-butyrolactone] 

[Trans-isomer] 

[0279] 

13 C-NMR (CDCI3) 6: 14.1, 24.0, 28.8, 58.0, 61.8, 69.8, 81.6, 168.6, 174.4 
[Cis-isomer] 
[0280] 

13 C-NMR (CDCI3) 5: 14.1, 25.0, 28.2, 55.3, 61.7, 69.5, 81.8, 169.3, 174.2 
EXAMPLE 12 

[0281] A mixture of 3 mmol of diethyl fumarate, 3 ml of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.003 mmol 
of cobalt(ll) acetate, 0.021 mmol of acetylacetonatocobalt(lll), and 1 ml of acetonitrile was stirred at 60?C in an oxygen 
atmosphere (1 atm) for 1 0 hours. A reaction mixture was subjected to column chromatography on a silica gel to yield 
a-hydroxy-p-ethoxycarbonyl-Y.y-dimethyl-y-butyrolactone in a yield of 63% (trans/cis = 75/25). The conversion rate from 
diethyl fumarate was 97%. 

EXAMPLE 13 

[0282] A mixture of 3 mmol of diethyl cinnamate, 3 ml of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 0.015 
mmol of cobalt(ll) acetate, 0.03 mmol of acetylacetonatocobalt (III), and 1 ml of acetonitrile was stirred at 70°C in an 
oxygen atmosphere (1 atm) for 12 hours. A gas chromatographic analysis of products in a reaction mixture revealed 
that a-hydroxy-p-phenyl-7,y-dimethyl-y-butyrolactone and ethyl 2,4-dihydroxy-4-methyl-3-phenylpentanoate were 
formed in yields of 18% and 24%, respectively. The conversion rate from diethyl cinnamate was 61%. 

[Spectrum Data of a-Hydroxy-p-phenyl-^y-dimethyl-y-butyrolactone (mixture of two isomers)] 
[0283] 

1 H-NMR (CDCI3) 5: 1.32, 1.41, 1.44 and 1.52 (4s, 6H), 3.00 (brs, 1H), 3.23 (m, 1H), 4.66 (m, 1H), 7.1-7.9 (m, 5H) 
EXAMPLE 14 

[0284] A mixture of 3 mmol of methyl acrylate, 15 mmol of 2-octanol, 0.6 mmol of N-hydroxyphthalimide, 0.003 
mmol of cobalt(ll) acetate, and 0.03 mmol of acetylacetonatocobalt(lll), and 1 ml of acetonitrile was stirred at 50°C in 
an oxygen atmosphere (1 atm) for 8 hours. A reaction mixture was subjected to column chromatography on a silica gel 
to yield ^hexyl-a-hydroxy-7-methyl-y-butyro lactone in a yield of 74%. 
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[Spectrum Data of Y-Hexyl-a-hydroxy^methyl-y-butyrolactone (two isomers)] 
[0285] 

1 H-NMR (CDCI3) 8: 0.89 (t, 3H, J = 6.8 Hz), 1.2-1.4 (m, 8H), 1.47 (s, 3H), 1.55-1.7 (m, 2H), 2.00 (dd, 1H, J = 9.2, 
1 3.2 Hz), 2.56 (dd, 1 H, J= 8.8, 13.2 Hz), 3. 1 6 (brs, 1 H), 4.61 (dd-like, 1 H, J = 9.2 Hz) 

13 C-NMR (CDCI 3 )5: 14.0, 22.5, 24.0, 27.0, 29.4, 31.6, 40.8, 41.4, 68.8, 85.2, 177.4 IR (neat) (cm" 1 ): 3436, 1768 
and 

1 H-NMR (CDCyS: 0.89 (t, 3H, J = 6.8 Hz), 1 .2-1 A (m, 8H), 1 .38 (s, 3H), 1 .69-1 .74 (m, 2H), 2.07 (dd, 1 H, J= 10.3, 
12.6 Hz), 2.44 (dd, 1H, J=8.8, 12.6 Hz), 3.33 (brs, 1H), 4.67 (dd, 1H, J = 8.8, 10.3 Hz) 

13 C-NMR (CDCI 3 )8: 14.0, 22.5, 23.4, 25.5, 29.3, 31.6, 41.2, 41.7, 68.4,. 84.6, 177.5 IR (neat) (cm- 1 ): 3438, 1768 
EXAMPLE 15 

[0286] A mixture of 3 mmol of methyl acryiate, 1 5 mmol of 3,3-cfimethyl-2-butanol, 0.6 mmol of N-hydroxyphthalim- 
ide, 0.003 mmol of cobalt(ll) acetate, 0.03 mmol of acetylacetonatocobait(lll), and 1 ml of acetonitrile was stirred at 
60°C in an oxygen atmosphere (1 atm) for 8 hours. A reaction mixture was subjected to column chromatography on a 
silica gel to yield Y-t-butyl-a-hydroxy^y-methyl-y-butyrolactone in a yield of 71%. 

[Spectrum Data of y-t-Butyl-a-hydroxy-^methyl-y-butyrolactone (two isomers)] 



[0287] 

1 H-NMR (CDCI3) 5: 0.99 (s, 9H), 1.37 (s, 3H), 2.25 (dd, 1H, J= 10.3, 12.8 Hz), 2.31 (dd, 1H, J= 9.2, 12.8 Hz), 3.03 

(brs, 1 H), 4.68 (dd-like, 1 H J = 9.2, 1 0.3 Hz) 

13 C-NMR (CDCI 3 )5:22.0, 24.6, 37.1, 37.3, 68.6, 88.6, 177.5 

IR (neat) (cm" 1 ): 3421 , 1 753 and 

1 H-NMR (CDCI3) 5: 0.96 (s, 9H), 1.48 (s, 3H), 1.87 (dd, 1H, J = 7.0, 13.9 Hz), 2.73 (dd, 1H, J = 9.9, 13.9 Hz), 3.37 
(brs, 1 H), 4.56 (dd, 1 H, J = 7.0, 9.9 Hz) 

13 C-NMR (CDCI3) 5: 24.7, 24.9, 37.4, 38.1, 69.2, 90.8, 177.7 
IR (neat) (cm -1 ): 3405, 1755 

EXAMPLE 16 



[0288] A mixture of 3 mmol of methyl acryiate, 15 mmol of 3,3-dimethyl-2-butanol, 0.3 mmol of N-hydroxyphthalim- 
ide, 0.003 mmol of cobalt(ll) acetate, 0.03 mmol of acetylacetonatocobait(lll), and 1 ml of acetonitrile was stirred at 
50°C in an oxygen atmosphere (1 atm) for 5 hours. A reaction mixture was subjected to column chromatography on a 
silica gel to yield 3-hydroxy-2-oxo-1-oxaspiro[4.5]decane in a yield of 83%. 

[Spectrum Data of 3-Hydroxy-2-oxo-1-oxaspiro[4.5]decane] 
[0289] 

1 H-NMR (CDCI3) 5: 1.3-1.4 (m, 1H), 1 .42-1 .59 (m, 4H), 1.62-1.88 (m, 5H), 1.95 (dd, 1H, J= 9.9, 12.8 Hz), 2.87 (brs, 
1 H), 4.61 (dd, 1 H, J = 8.8, 9.9 Hz) 

13 C-NMR (CDCI3) 5: 22.4, 22.6, 24.8, 36.7, 38.2, 41.4, 68.2, 84.3, 177.2 
IR (neat) (cm' 1 ): 3421 , 1 749 

EXAMPLE 17 



[0290] A mixture of 3 mmol of methyl acryiate, 30 mmol of hexanol, 0.6 mmol of N-hydroxyphthalimide, 0.003 mmol 
of cobalt(il) acetate, 0.03 mmol of acetylacetonatocobalt(lll) > and 1 ml of acetonitrile was stirred at 60°C in an oxygen 
atmosphere (1 atm) for 5 hours. A reaction mixture was subjected to column chromatography on a silica ge! to yield ct- 
hydroxy-y-pentyl-Y-butyrolactone in a yield of 46% and ethyl 0-hexanoyl : a-nydroxypropionate in a yield of 40%. 
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[Spectrum Data of a-Hydroxy^-pentyl-7-butyrolactone (two isomers)] 



[0291] 

1 H-NMR (CDCI3) 5: 0.90 (t, 3H, J = 7.0 Hz), 1 .2-1 .5 (m, 6H), 1 .6-1 .7 (m, 1 H), 1 .73-1 .81 (m, 1 H), 1 .88 (ddd-like, 1 H, 
J = 10.6, 11.4, 12.5 Hz), 2.70 (ddd, 1H, J = 5.1, 8.4, 12.5 Hz), 2.8-3.1 (brs, 1H), 4.38 (dddd-like, 1H, J=5.1, 7.3, 
1 0.6 V 1 5.8 Hz), 4.54 (dd, 1 H, J = 8.4, 1 1 .4 Hz) 

13 C-NMR (CDCyfr 1 3.8, 22.4, 24.6, 31 .4, 35.2, 37.0, 68.6, 77.3, 1 77.7 
IR (neat) (cm" 1 ): 3436, 1 768 and 

1 H-NMR (CDCI 3 )5: 0.90 (t, 3H, J = 7.0 Hz), 1.2-1.5 (m, 6H), 1.55-1.61 (m, 1H), 1.64-1.71 (m, 1H), 2.25 (ddd-like, 
1H, J= 4.4, 8.1, 13.2 Hz), 2.36 (ddd, 1H, J= 7.7, ^13.2 Hz), 3.53 (brs, 1H), 4.52 (dd-iike, 1H, J=7.7, 8.1 Hz), 4.66 
(dddd-like, 1H, J = 4.4, 7.7, 8.1 Hz) 

13 C-NMR (CDCyS: 13.9, 22.4, 24.9, 31.3, 35.6, 35.6, 67.5, 78.9, 177.8 
IR (neat) (cm' 1 ): 3417, 1768 

EXAMPLE 18 

[0292] A mixture of 3 mmol of ethyl acrylate, 30 mmol of 2-propanol, 0.3 mmol of N-hydroxyphthaiimide, 0.03 mmol 
of cobsJt(!I) acetate, and 1 ml of acetonitrile was stirred at 25 °C In an oxygen atmosphere (1 atm) for 20 hours, and was 
then stirred at 60°C in an argon atmosphere for further 2 hours. A gas chromatographic analysis of products in a reac- 
tion mixture revealed that a-hydroxy-y,y-dimethyl-^butyrolactone was formed in a yield of 34%. The conversion rate 
from ethyl acrylate was 37%. 

EXAMPLE 19 

[0293] A mixture of 2 mmol of ethyl 4,4,4-trifluoro-2-butenoate, 3 ml of 2-propanol, 0.2 mmol of N-hydroxyphthaiim- 
ide, 0.002 mmol of cobalt(ll) acetate, 0.02 mmol of acetylacetonatocobalt(lll), and 1 ml of acetonitrile was stirred at 
70°C in an oxygen atmosphere (1 atm) for 1 2 hours. A reaction mixture was subjected to column chromatography on a 
silica gel to yield p-trifluoromethyl-a-hydroxy-y.y-dimethyl-Y-butyro lactone and ethyl 4,4,4-trifluoro-3-hydroxy-2-(1- 
hydroxy-1-methylethyl)butyrate in yields of 60% and 10%, respectively. The conversion rate from ethyl 4,4,4-trifluoro-2- 
butenoate was 85%. 

[Spectrum Data of P-Trifluoromethyl-a-hydroxy-xy-dimethyl-T^butyrolactone] 

[Trans-isomer] 

[0294] 

\ 

1 H-NMR (CDCyfc 1.48 (d, 3H, J= 1.5 Hz), 1.64 (s, 3H), 3.00 (dq, 1H, J HF = 11.0 Hz), 3.29 (brs, 1H), 4.77 (d, 1H, 
J= 11.0 Hz) 

13 C-NMR (CDCI3) 5: 23.8, 23.9, 29.3, 68.3, 81.3, 126.2, 173.4 
IR (neat) (cm- 1 ): 3502, 1786 

[Cis-isomer] 

[0295] 

1 H-NMR (CDCyS: 1 .58 (s, 3H), 1 .65 (brs, 1 H), 2.99 (dq, 1 H, J HH = 7.7, J HF = 9.3 Hz), 3.00 (brs, 1 H), 4.74 (d, 1 H, 
J = 7.7 Hz) 

[Spectrum Data of Ethyl 4,4,4-Trifluoro-3-hydroxy-2-(1-hydroxy-1-methylethyl)butyrate (two isomers)] 
[0296] 

1 H-NMR (CDCI 3 ) 5: 1.25-1.29 (t, 3H), 1.33 (s, 3H), 1.50 (s, 3H), 2.83-2.91 (m, 2H), 4.15-4.18 (m, 2H), 4.57 (brs, 

1H), 4.80 (brs, 1H) 

IR (neat) (cm' 1 ): 3164, 1732 and 

1 H-NMR (CDCyfc 1.29-1.33 (t, 3H), 1.39 (s, 3H), 1.40 (s, 3H), 2.72-2.73 (d, 2H), 4.21-4.30 (m, 2H), 4.45-4.48 (q, 
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1H), 4.89-4.91 (d, 1H) 

IR (neat) (cm" 1 ): 3436, 1 708 

EXAMPLE 20 

[0297] A mixture of 3 mmol of methyl 3-cyano-acrylate, 30 mmoi of 2-propanol, 0.6 mmol of N-hydroxyphthalimide, 
0.003 mmol of cobalt(ll) acetate, 0.03 mmol of acetylacetonatocobalt(lll), and 1 ml of acetonitrile was stirred at 70°C in 
an oxygen atmosphere (1 atm) for 8 hours. A reaction mixture was subjected to column chromatography on a silica gel 
to yield p-cyano-a-hydroxy-y,Y-dimethyl-Y-butyrolactone in a yield of 68%. 

[Spectrum Data of p-Cyano-a-hydroxy^y,y-dimethyl-7-butyrolactone (mixture of two isomers)] 
[0298] 

1 H-NMR (CDCI 3 )5: 1.30, 1.41, 1.52 and 1.63 (4s, 6H), 3.10 (brs, 1H), 4.25 (m, 1H), 4.65 (m, 1H) 
EXAMPLE 21 

[0299] A mixture of 1 00 mmol of a-hydroxy-y,Y-dimethyl-Y-butyrolactone obtained in the same manner as in Exam- 
ple 5, 150 mmol of acryloyl chloride, 150 mmol of triethylamine, and 300 ml of toluene was stirred at 25°C for 4 hours. 
Water was added to the reaction mixture and an organic layer was concentrated, and the concentrate was subjected to 
column chromatography on a silica gel to yield a-acryloyloxy-y,7<limethyl-y-butyro lactone in a yield of 85%. 

[Spectrum Data of a-Acryloyloxy-y,y-dimethyl-y-butyrolactone] 
[0300] 

1 H-NMR (CDCI3) 8: 1.42 (s, 3H), 1.52 (s, 3H), 2.06 (dd, 1H), 2.52 (dd, 1H), 5.65 (dd, 1H), 5.77 (dd, 1H), 6.03 (dd, 
1 H), 6.32 (dd, 1 H) 

EXAMPLE 22 

[0301 ] A total of 1 00 parts by weight of a monomer mixture and 5 parts by weight of a polymerization initiator (ben- 
zoyl peroxide) were subjected to polymerization in toluene. The monomer mixture comprised 50% by weight of a-acry- 
loyloxy-Y^dimethyl-y-butyrolactone obtained in the same manner as in Example 21, and 50% by weight of 1-(1- 
methacryloyloxy-1-methylethyl)adamantane. Methanol was added to the reaction mixture to precipitate a polymer. The 
product was purified by repeating a procedure of dissolving the precipitate in toluene and precipitating a polymer in 
methanol to yield a copolymer having a weight average molecular weight of about 1 0000 (a molecular weight in terms 
of polystyrene determined by GPC). 

EXAMPLE 23 

[0302] A total of 100 parts by weight of a monomer mixture and 5 parts by weight of a polymerization initiator (ben- 
zoyl peroxide) were subjected to polymerization in toluene. The monomer mixture comprised 40% by weight of cc-acry- 
loyioxy-Y,y-dimethyl-y-butyrolactone obtained in the same manner as in Example 21, and 60% by weight of 3-(1- 
methacryloyloxy-1-methylethyl)-1-adamantanol. Methanol was added to the reaction mixture to precipitate a polymer. 
The product was purified by repeating a procedure of dissolving the precipitate in toluene and precipitating a polymer 
in methanol to yield a copolymer having a weight average molecular weight of about 1 0000 (a molecular weight in terms 
of polystyrene determined by GPC). 

EXAMPLE 24 

[0303] A total of 1 00 parts by weight of a monomer mixture and 5 parts by weight of a polymerization initiator (ben- 
zoyl peroxide) were subjected to polymerization in toluene. The monomer mixture comprised 50% by weight of cc-acry- 
loyloxy-y,Y-dimethyl-^butyrolactone obtained in the same manner as in Example 21, and 50% by weight of 3- 
(methacry!oyloxy)-1 -adamantanol. Methanol was added to the reaction mixture to precipitate a polymer. The product 
was purified by repeating a procedure of dissolving the precipitate in toluene and precipitating a polymer in methanol to 
yield a copolymer having a weight average molecular weight of about 1 0000 (a molecular weight in terms of polystyrene 
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determined by GPC). 
EXAMPLE 25 

[0304] A series of photoresist resinous compositions were prepared using each of the copolymers obtained accord- 
ing to Examples 22 to 24. Specifically, 100 parts by weight of the copolymer, 15 parts by weight of triphenylsulfonium 
hexafluoroantimonate, and toluene as a solvent were mixed to yield a photoresist resinous composition. 
[0305] The above -prepared photoresist resinous composition was applied onto a silicon wafer by spin coating to 
yield a photosensitive layer 1 .0 jam thick. The photosensitive layer was pre-baked on a hot plate at 60°C for 1 0 seconds, 
and was exposed to light at an exposure dose of 1 00 mJ/cm 2 using a KrF excimer stepper, and was baked at a temper- 
ature of 100 Q C for 60 seconds. The film was then subjected to developing in an alkali aqueous solution (trade name: 
NMD-3, available from Tokyo Ooka Kogyo Co., Ltd.) for 60 seconds, and was rinsed with pure water. Thus, each of the 
photoresist resinous compositions could precisely provide a target pattern. 

PRODUCTION EXAMPLE 1 

[0306] A mixture of 3 mmol of adamantane, 18 mmol of biacetyl, 0.015 mmol of cobalt(ll) acetate, and 3 ml of acetic 
acid was stirred at 60°C in an oxygen atmosphere (1 atm) for 4 hours. A gas chromatographic analysis of products in a 
reaction mixture revealed that adamantane was converted at a rate of 86% into 1 -acetyladamantane (yield: 50%), 1 ,3- 
diacetyladamantane (yield: 23%), i -acetyl-3-adamantanol (yield: 4%), 1 -adamantanol (yield: 3%), and 2-adaman- 
tanone (yield: 3%). 

[Spectrum Data of 1 -Acetyladamantane] 
[0307] 

1 H-NMR (CDCyo: 1.65-1.85 (m, 12H), 2.00-2.10 (m, 3H), 2.10 (s, 3H) 
PRODUCTION EXAMPLE 2 

[0308] To a mixture of 45.0 g of 1 -acetyladamantane obtained according to the process of Production Example 1 , 
1 00 ml of methanol, and 20 ml of a 0.1 N sodium hydroxide aqueous solution on a water bath, 4.8 g of sodium borohy- 
dride was gradually added over 30 minutes. The mixture was stirred for further 30 minutes, was neutralized with a 1 N 
hydrochloric acid aqueous solution, and 200 ml of water was added to the neutralized mixture. The obtained crystal was 
filtrated, was washed with water, and was dried in vacuo to yield 45.0 g of a-m ethyl- 1-adamantanemeth an ol. 

[Spectrum Data of a-Methyl-l-adamantanemethanol] 

[0309] 

1 H-NMR (CDCy 6: 1.10 (d, 3H), 1.30-1,40 (br, 1H), 1.42-1.80 (m, 12H), 1.90-2.10 (m, 3H), 3.29 (q, TH) 
PRODUCTION EXAMPLE 3 

[0310] A mixture of 3 mmol of 1 -adamantanol, 18 mmol of biacetyl, 0.015 mmol of cobalt(ll) acetate, and 3 ml of 
acetic acid was stirred at 60°C in an oxygen atmosphere (1 atm) for 4 hours. A gas chromatographic analysis of prod- 
ucts in a reaction mixture revealed that 1 -adamantanol was converted at a rate of 82% into 1 -acetyl-3-adamantanol 
(yield: 20%), 1 ,3-diacetyl-5-adamantanol (yield: 5%), 1-acetyl-4-oxo-3-adamantanol and 1-acety!-2-oxo-5-adamantanol 
(total yield: 2%), 1 ,3-adamantanediol (yield: 6%), and 4-oxo-1 -adamantanol (yield: 1%). 

[Spectrum Data of 1 -Acetyl-3-adamantanoI] 

[0311] 

IR (cm" 1 ): 3401, 2897, 2854, 1683, 1430, 1019, 605 

13 C-NMR (CDCyS: 24.3, 29.9, 34.8, 36.8, 43.9, 45.4, 49.6, 67.9, 212.4 
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PRODUCTION EXAMPLE 4 

[031 2] To a mixture of 4.0 g of 1 -acetyl-3-adamantanol obtained in the same manner as in Production Example 3, 
20 ml of methanol, and 2 ml of a 0.1 N sodium hydroxide aqueous solution on a water bath, 0.6 g of sodium borohydride 
5 was gradually added. The resulting mixture was stirred at room temperature for further 30 minutes, and was neutralized 
with a 1 N hydrochloric acid aqueous solution. To the neutralized mixture, 50 ml of water was added, and the resulting 
mixture was extracted with three portions of 1 00 ml of ethyl acetate. An organic layer was concentrated to yield 3.6 g of 
3-hydroxy-a-methyM -adamantanemethanol. 

to [Spectrum Data of 3-Hydroxy-<x-methyl-1 -adamantanemethanol] 

[0313] 

MS m/e: 196 ([N/T]), 178, 151 

15 

PRODUCTION EXAMPLE 5 

[0314] A mixture of 3 mmol of cis-decalin, 18 mmol of biacetyl, 0.3 mmol of N-hydroxyphthaiimide, 0.015 mmoi of 
cobalt(ll) acetate, and 3 ml of acetic acid was stirred at 75°C in an oxygen atmosphere (1 atm) for 8 hours. A gas chro- 
20 mato graphic analysis of products in a reaction mixture revealed that cis-decalin was converted at a rate of 67% into 4a- 
acetyl-cis-decalin (yield: 24%), 4a-hydroxy-cis-decalin (yield: 4%), 4a,8a-dihydroxy-cis-decalin (yield: 22%), 1,6- 
cyclodecanedione (yield: 10%), and 4a-acetyl-8a-hydroxy-cis-decalin (yield: 5%). 

[Spectrum Data of 4a-Acetyl-cis-decaiin] 

25 

[0315] 

MS m/e: 180 ([M+]), 165, 137 
30 [Spectrum Data of 4a-Acetyl-8a-hydroxy-cis-decalin] 
[0316] 

MS m/e: 196 ([M+]), 178, 163, 136 

35 

PRODUCTION EXAMPLE 6 

[0317] The reduction procedure of Production Example 4 was repeated, except that 4a-acetyl-cis-decalin obtained 
in the same manner as in Production Example 5 was used to yield a-methyl-4a-decalinmethanol [4a-(1 -hydroxyethyl)- 
40 cis-decalin] in a yield of 87%. 

[Spectrum Data of cc-Methyl-4a-decalinmethanol] 

[0318] 

45 

MS m/e: 182 ([M+]), 164, 137 
PRODUCTION EXAMPLE 7 

50 [0319] The reduction procedure of Production Example 4 was repeated, except that 4a-acetyl-8a-hydroxy-cis-dec- 
aiin obtained in the same manner as in Production Example 5 was used to yield 8a-hydroxy-a-methyl-4a-decalinmeth- 
anol [4a-hydroxy-8a-(1-hydroxyethyl)-cis-decalin] in a yield of 82%. 

[Spectrum Data of 8a-Hydroxy-a-methyl-4a-decalinmethanol] 

55 

[0320] 

MS m/e: 198 ([M*]), 180, 162, 135 
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PRODUCTION EXAMPLE 8 

[0321] A mixture of 3 mmol of endotricyclo[5.2.1 .O^decane, 1 8 mmol of biacetyl, 0.3 mmol of N-hydroxyphthalim- 
ide, 0.015 mmol of cobalt(ll) acetate, and 3 ml of acetic acid was stirred at 75°C in an oxygen atmosphere (1 atm) for 6 
5 hours. A gas chromatographic analysis of products in a reaction mixture revealed that endotricyclo[5.2.1.0 2,6 ]decane 
was converted at a rate of 75% into 2-acetylendotricyclo[5.2.1 .O^decane (yield: 27%), 2-hydroxyendotricy- 
clo[5.2.1.0 2<6 ]decane (yield: 11%), 2,6-dihydroxyendotricyclo[5.2.1 .0 2,6 ]decane (yield: 16%), 2-acetyi-6-hydroxyendot- 
ricyclo[5.2.1.0 2,6 ]decane (yield: 6%), and dicyclo[5.2.1]decane-2,6-dione (yield: 12%). 

10 [Spectrum Data of 2-Acetylendotricyclo[5.2. 1 .Cr^decane] 

[0322] 

MS m/e: 178 ([M+]), 163, 135 

15 

[Spectrum Data of 2-Acetyl-6-hydroxyendotricyclo[5.2.1 .O^decane] 
[0323] 

20 MS m/e: 1 94 ([M + ]), 1 76, 1 61 , 1 34 

PRODUCTION EXAMPLE 9 



[0324] The reduction procedure of Production Example 4 was repeated, except that 2-acetylendotricy- 
25 cloCS^.LO^decane obtained in the same manner as in Production Example 8 was used to yield a-methyl-2-tricy- 
clo[5.2.1.0 2,6 ]decanemethanoi [2-(1-hydroxyethyl)endotricyclo[5.2.1.0 2 ' 6 ]decane] in a yield of 92%. 

[Spectrum Data of a-Methyl-2-tricyclo[5.2.1.0 2 * 6 ]decanemethanol] 

30 [0325] 

MS m/e: 180 ([M+]), 162, 135 

PRODUCTION EXAMPLE 10 

35 

[0326] The reduction procedure of Production Example 4 was repeated, except that 2-acetyl-6-hydroxyendotricy- 
clo[5.2.1.0 2,6 ]decane obtained in the same manner as in Production Example 8 was used to yield 6-hydroxy-cc-methyl- 
2-tricyclo[5.2.1.0 2,6 ]decanemethanol [2-hydroxy-6-(1-hydroxyethyl)endotricyclo[5.2.1.0 2 ' 6 ]decane] in a yield of 86%. 

40 [Spectrum Data of 6-Hydroxy-a-methyl-2-tricyclo[5.2.1 ,0 2,6 ]decanemethanol] 

[0327] 

MS m/e: 196 ([M + ]), 178, 160, 133 

45 

EXAMPLE 26 

[0328] A mixture of 1 1 0 mmol of ethyl aery I ate, 1 00 mmol of 3-hydroxy-a-methyl-1 -adamantanemethanol, 1 0 mmol 
of N-hydroxyphthalimide, 0.06 mmol of acetylacetonatocobalt(ll), 0.04 mmol of cobalt(lll) acetate, and 200 ml of acetic 
so acid was stirred at 60°C in an oxygen atmosphere (1 atm) for 4 hours. A reaction mixture was subjected to column chro- 
matography on a silica gel to yield Y-(3-hydroxyadamant-1-yl)-a-hydroxy^y-methyl-Y-butyrolactone of the following for- 
mula in a yield of 75%. The conversion rate from 3-hydroxy-a-methy 1-1 -adamantanemethanol was 81%. 

MS m/e: 266, 248, 230, 1 86, 1 51 

55 
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0 




OH 



EXAMPLE 27 

[0329] The procedure of Example 26 was repeated, except that 1 00 mmoi of oc-methyl-1 -adamantane methanol was 
used instead of 3-hydroxy -a-methyl- 1 -adamantanemeth an ol to yield y-(1-adamantyl)-a-hydroxy-74nethyl-Y-butyro lac- 
tone of the following formula in a yield of 88%. The conversion rate from a-methyl- 1-adamantanemethanol was 95%. 

MS m/e: 250, 232. 21 7. 1 73, 135 



0 




EXAMPLE 28 

[0330] The procedure of Example 26 was repeated, except that 100 mmol of a-methyl-4a-decalinmethanoi was 
used instead of 3-hydroxy-a-methy I- 1-adamantanemethanol to yield y-(4a-decalinyl)-a-hydroxy-Y-methyl-Y-butyrolac- 
tone of the following formula in a yield of 69%. The conversion rate from a-methyl-4a-decalinmethanol was 75%. 

MS m/e: 252, 234, 219, 175, 136 



0 
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EXAMPLE 29 



[0331 ] . The procedure of Example 26 was repeated, except that 1 00 mmol of 8a-hydroxy-a-methyl-4a-decalinmetri- 
anol was used instead of 3-hydroxy-a-m ethyl -1 -adamantanemethanol to yield y-(8a-hydroxydecalin-4a-yf)-a-hydroxy^- 
methyl-y-butyrolactone of the following formula in a yield of 67%. The conversion rate from 8a-hydroxy-a-methyl-4a- 
decalinmethanol was 72%. 

MS m/e: 268, 250, 232, 217, 173, 134 



10 



15 



"A 
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25 EXAMPLE 30 



[0332] The procedure of Example 26 was repeated, except that 100 mmol of a-methyl-2-tricy- 
clo[5.2.1.0 2,6 ]decanemethanol was used instead of 3-hydroxy-a-methyl-1 -adamantanemethanol, to yield a-hydroxy-y- 
methyl-y-(2-tricyclo[5.2.1 .0 2,6 ]decanyl)-Y-butyro lactone of the following formula in a yield of 80%. The conversion rate 
30 from a-methyl-2-tricyclo[5.2.1 .0 2,6 ]decanemethanol was 84%. 

MS m/e: 250, 232, 217, 173, 134 



35 



40 




EXAMPLE 31 

so [0333] The procedure of Example 26 was repeated, except that 100 mmol of 6-hydroxy-a-methyl-2-tricy- 
clo[5.2.1.0 2,6 ]decanemethanol was used instead of 3-hydroxy-ct-methy 1-1 -adamantanemethanol, to yield a-hydroxy-y- 
(6-hydroxytricyclo[5.2. 1 .O^'^decan^-yO-y-methyl-y-butyroiactone of the following formula in a yield of 73%. The conver- 
sion rate from 6-hydroxy-a-methyl-2-tricyclo[5.2.1.0 ?,6 ]decanemethahol was 80%. 



55 MS m/e: 266, 248, 230, 21 5, 1 71 , 1 32 
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70 




75 

EXAMPLE 32 

[0334] A mixture of 100 mmol of -y-(1 -adamantyl)^-hydroxy^wTiethyl-y-butyrolartone obtained in the same manner 
20 as in Example 27, 150 mmol of acryioyl chloride, 1 50 mmol of triethylamine, and 300 ml of toluene was stirred at 60°C 
for 6 hours. A reaction mixture was subjected to column chromatography on a silica gel to yield a-acryloyloxy-y-(1-ada- 
mantyl)-y-methyl^y-butyrolactone of the following formula in a yield of 66%. The conversion rate from y-(l-adamantyl)- 
a-hydroxy-y-methyl-Y-butyrolactone was 85%. 



25 



MS m/e: 304, 232, 217, 173, 135 



30 



35 
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40 

EXAMPLE 33 

[0335] A mixture of 1 0 mmol of ethyl acrylate, 100 mmol of n-propyl alcohol, 1 mmol of N-hydroxyphthalimide, 0.01 
45 mmol of cobalt(ll) acetate, 0.1 mmol of acetylacetonatocobalt(lll), and 54 mmol of acetonitrile was stirred at 50°C in an 
oxygen atmosphere (1 atm) for 8 hours. A reaction mixture was concentrated, and the concentrate was subjected to col- 
umn chromatography on a silica gel to yield ethyl 2,4-di hydroxy hexanoate, Y-ethyl-a-hydroxy-7-butyro lactone, and ethyl 
sorbate in yields of 14%, 40%, and 2%, respectively. The conversion rate from ethyl acrylate was 72%. 



so [Spectrum Data of Ethyl 2,4- Dihydroxy hexanoate] 
[0336] 



55 



MS (El) m/e: 176, 148, 140, 85 
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[Spectrum Data of y-Ethyl-a-hydroxy-y-butyrolactone] 

[0337] 

5 MS (El) m/e: 1 02, 83, 59, 44 

[Spectrum Data of Ethyl Sorbate] 

[0338] 

10 

MS (El) m/e: 140, 125, 112, 95, 67 
EXAMPLE 34 

15 [0339] A mixture of 10 mmol of ethyl acrylate, 100 mmol of 2-methyM ,3^dioxolane, 1 mmol of N-hydroxyphthalim- 
ide, 0.01 mmol of cobalt(ll) acetate, 0. 1 mmol of acetylacetonatocobatt(lll), and 54 mmol of acetonitriie was stirred at 
50°C in an oxygen atmosphere (1 atm) for 8 hours. A reaction mixture was concentrated, and the concentrate was sub- 
jected to column chromatography on a silica gel to yield a p-hydroxyacetal compound of the following formula In a yield 
of 90%. The conversion rate from ethyl acrylate was 99%. ■ . .-- 

20 

MS (El) m/e: 204, 186, 159, 46 



0 0 OH 



25 
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EXAMPLE 35 

[0340] A mixture of 10 mmol of ethyl acrylate, 100 mmol of 1 ,3-dioxolane, 1 mmol of N-hydroxyphthalimide, 0.01 
mmol of cobalt(II) acetate, 0. 1 mmol of acetylacetonatocobalt(lll), and 54 mmol of acetonitriie was stirred at 50°C in an 
oxygen atmosphere (1 atm) for 8 hours. A reaction mixture was concentrated, and the concentrate was subjected to col- 
umn chromatography on a silica gel to yield a p-hydroxyacetal compound of the following formula in a yield of 99%. The 
conversion rate from ethyl acrylate was 99%. 

MS (El) m/e; 190, 172, 145, 46 



45 
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EXAMPLE 36 

55 [0341] A mixture of 10 mmol of ethyl acrylate, 50 mmol of adamantane, 1 mmol of N-hydroxyphthalimide, 0.01 
mmol of cobalt(ll) acetate, 0. 1 mmol of acetylacetonatocobalt(MI), and 54 mmol of acetonitriie was stirred at 70°C in an 
oxygen atmosphere (1 atm) for 8 hours. A reaction mixture was concentrated, and the concentrate was subjected to col- 
umn chromatography on a silica gel to yield ethyl 3-(adamant-1-y0-2-hydroxypropionate of the following formula (a), 
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V 

ethyl 3-(adamant-1 -yl)-2-oxopropionate of the following formula (b), and ethyl 1 -adamantaneacetate of the following for- 
mula (c) in yields of 55%, 1 6%, and 8%, respectively. The conversion rate from ethyl acrylate was 99%. 

[Spectrum Data of Ethyl 3-(AdamanM-yl)-2-hydroxypropionate] 

5 

[0342] 

MS (El) m/e: 252, 234, 135, 46 
io [Spectrum Data of Ethyl 3-(AdamanM -yl)-2-oxopropionate] 
[0343} 

MS (EI) m/e: 250, 221 , 179, 135, 46 

75 

[Spectrum Data of Ethyl 1 -Adamantaneacetate] 
[0344] 

20 MS (El) m/e: 222, 1 35, 46 
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EXAMPLE 37 

[0345] The procedure of Example 36 was repeated, except that 0.1 mmol of acetylacetonatovanadium(lll) was 
so used instead of 0.1 mmol of acetylacetonatocobalt(IJI). As a result, ethyl 3-(adamant-1-yl)-2-hydroxypropionate of the 
formula (a), ethyl 3-(adamant-1-yl)-2-oxopropionate of the formula (b), and ethyl 1 -adamantaneacetate of the formula 
(c) were formed in yields of 30%, 50%, and 11%, respectively. The conversion rate from ethyl acrylate was 99%. 

EXAMPLE 38 

55 

[0346] A mixture of 50 mmol of 2-propanol, 10 mmol of adamantane, 1 mmol of N-hydroxyphthalimide, 0.01 mmol 
of cobalt(II) acetate, 0. 1 mmol of acetylacetonatocobalt(lll), and 54 mmol of acetonitrile was stirred at 70°C in an oxy- 
gen atmosphere (1 atm) for 8 hours. A reaction mixture was concentrated, and the concentrate was subjected to col- 
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umn chromatography on a silica gel to yield a,a-dimethyl-1-damantanemethanol in a yield of 50%. The conversion rate 
from adamantane was 70%. 

[Spectrum Data of a,a-Dimethyl-1 -adamantanemethanoi] 
[0347] 

MS (El) m/e: 179, 176, 135, 57 
Claims 

1 . A process for producing an organic compound, said process comprising the step of allowing (A) a compound capa- 
ble of forming a stable radical and being selected from (A1 ) oxygen-atom-containing compounds each having a 
carbon-hydrogen bond at the adjacent position to an oxygen atom, (A2) carbonyl-gro up-containing compounds, 
and (A3) compounds each having a hydrocarbon group with a methine carbon atom to react with (B) a radical scav- 
enging compound selected from (B1) unsaturated compounds, (B2) compounds each having a hydrocarbon group 
with a methine carbon atom, and (B3) heteroatom-containing compounds, provided that if a 1 ,2-dicarbonyl com- 
pound or its hydroxy reductant is used as the compound (A), the compound (B) is a radical scavenging compound 
selected from the compounds (B1 ) and (B3), in the presence of a catalytic imide compound shown by the following 
formula (1); 



-R 1 

f 
i 

% *-R2 



wherein each of R 1 and R 2 is, identical to or different from each other, a hydrogen atom, a halogen atom, an alkyl 
group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxycarbonyl 
group, or an acyl group, where R 1 and R 2 may be combined to form a double bond, or an aromatic or non-aromatic 
ring; X is an oxygen atom or a hydroxyl group; and one or two N-substituted cyclic imido groups indicated in the 
formula (1) may be further bonded to said R 1 , R 2 , or to the double bond or aromatic or non-aromatic ring formed 
together by R 1 and R 2 , and in the presence of oxygen and/or a radical generator with respect to said imide com- 
pound, to yield a product of an addition or substitution reaction of said compound (A) and said compound (B) or an 
oxidized product thereof. 

2. A process for producing an organic compound according to claim 1 , wherein (A1 1) an alcohol shown by the follow- 
ing formula (2): 




OH 




(2) 



wherein each of R a and R b is, identical to or different from each other, a hydrogen atom or an organic group, where 
R a and R b may be combined to form a ring with the adjacent carbon atom, is allowed to react with (B1 1) an active 
olefin shown by the following formula (3): 
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(3) 



wherein each of R c , R d , and R e is, identical to or different from one another, a hydrogen atom or an organic group, 
and Y is an electron attracting group, where R c , R d , R e , and Y may be combined to form a ring with the adjacent 
carbon atom or carbon-carbon bond, 

in the presence of molecular oxygen by catalysis of the imide compound of the formula (1 ) to yield a 1 ,3-dihydroxy 
compound shown by the following formula (4): 



R b HO R e 




(4) 



wherein R a , R b , R c , R d , R e , and Y have the same meanings as defined above.. 

3. A process for producing an a-hydroxy-^butyrolactone derivative, said process comprising the step of allowing 
(A11) an alcohol shown by the following formula (2): 



OH 

(2) 



R a R b 

wherein each of R a and R b is, identical to or different from each other, a hydrogen atom or an organic group, where 
R a and R b may be combined to form a ring with the adjacent carbon atom, to react with (B12) an a,p-unsaturated 
carboxylic acid derivative shown by the following formula (5): 




O02R f 

wherein each of R c , R d , R e , and R f is, identical to or different from one another, a hydrogen atom or an organic 
group, where R c , R d , and R e may be combined to form a ring with the adjacent carbon atom or carbon-carbon bond, 
in the presence of molecular oxygen by catalysis of an imide compound shown by the following formula (1): 



R 1 



ii 



-X 

^-r2^^C' (1) 



wherein each of R 1 and R 2 is, identical to or different from each other, a hydrogen atom, a halogen atom, an alkyl 
group, an aryl group, a cycloalkyl group, a hydroxy! group, an alkoxy group, a carboxyl group, an alkoxycarbonyl 
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group, or an acyi group, where R 1 and R 2 may be combined to form a double bond, or an aromatic or non-aromatic 
ring; X is an oxygen atom or a hydroxyl group; and one or two N-substituted cyclic imido groups indicated in the 
formula (1) may be further bonded to said R 1 , R 2 , or to the double bond or aromatic or non-aromatic ring formed 
together by R 1 and R 2 

to yield an a-hydroxy-^butyrolactone derivative shown by the following formula (6): 



0 



10 




15 

wherein R a , R b , R c , R d , and R e have the same meanings as defined above. 

4. A process for producing a p-hydroxy-7-butyrolactone derivative, said process comprising the step of dissolving an 
a-hydroxy-y-butyrolactone derivative shown by the following formula (6a): 

20 



0 



25 




(6a) 



30 wherein each of R a and R b is, identical to or different from each other, a hydrogen atom or an organic group, where 
R a and R b may be combined to form a ring with the adjacent carbon atom; and each of R c and R e is, identical to or 
different from each other, a hydrogen atom or an organic group, where R c and R e may be combined to form a ring 
with the adjacent carbon-carbon bond, in a solvent to yield a 0-hydroxy^y-butyrolactone derivative shown by the fol- 
lowing formula (7): 

35 



0 



40 




wherein R a , R b , R c , and R e have the same meanings as defined above. 

45 

5. An a-hydroxy^y-butyrolactone derivative shown by the following formula (6b): 

0 

50 m ^S^\ (6t>) 
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wherein ring A is a non-aromatic carbon ring, each of R c , R , and R e is, identical to or different from one another, 
a hydrogen atom or an organic group, where R c , R d , and R e may be combined to form a ring with the adjacent car- 
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bon atom or carbon-carbon bond. 

An a-hydroxy^-butyrolactone derivative shown by the following formula (6c): 



0 




(6c) 



wherein each of R ai and R D1 is, identical to or different from each other, a hydrogen atom, a hydrocarbon group, or 
a heterocyclic group, where R a1 and R b1 may be combined to form a ring with the adjacent carbon atom; R c1 is a 
haloalkyl group, a substituted oxycarbonyl group, a cyano group, or an aryl group; each of R d and R e is, identical 
to or different from each other, a hydrogen atom or an organic group, where R c \ R d , and R e may be combined to 
form a ring with the adjacent carbon atom or carbon-carbon bond. 

An ot-hydroxy^y-butyrolactone derivative £.! .own by the following formula (6d): 



0 




(6d> 



wherein R 52 is, identical to or different from each other, a hydrocarbon group or a heterocyclic group, and each of 
R c , R d , and R e is, identical to or different form each other, a hydrogen atom or an organic group, where R c , R d , and 
R e may be combined to form a ring with the adjacent carbon atom or carbon-carbon bond. 

An a-(meth)acryloyloxy-Y-butyrolactone derivative shown by the following formula (8): 




wherein each of R 33 and R 153 is, identical to or different from each other, a hydrogen atom, a hydrocarbon group, or 
a heterocyclic group, where R a3 and ffi 3 may be combined to form a ring with the adjacent carbon atom; each of 
R c f R d , and R e is, identical to or different from one another, a hydrogen atom or an organic group, where R c , R d , 
and R e may be combined to form a ring with the adjacent carbon atom or carbon-carbon bond; and R 9 is a hydro- 
gen atom or a methyl group. 

A polymer comprising a structural unit shown by the following formula (9): . 



52 
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70 



R 8 



-f-c%-9— }- 

C?0 0 




(9) 



wherein each of R* 3 and R 153 is, identical to or different from each other, a hydrogen atom, a hydrocarbon group, or 
75 a heterocyclic group, where R a3 and R* 53 may be combined to form a ring with the adjacent carbon atom; each of 

R c , R d , and R e is. identical to or different from one another, a hydrogen atom or an organic group, where R c , R d , 
and R e may be combined to form a ring with the adjacent carbon atom or carbon-carbon bond; and R g is a hydro- 
gen atom or a methyl group. 

. -* - 

20 10. A photosensitive resinous composition comprising the polymer as claimed in claim 9 and a light-activatable acid 
generator. 

1 1. A y-butyrolactone derivative shown by the following formula (1 0): 

25 



r.\ / (io) 




35 wherein R is a hydrogen atom or a (meth)acryloyl group; each of R a , R c , R d , and R e is, identical to or different from 
one another, a hydrogen atom or an organic group; and R 64 is a bridged cyclic hydrocarbon group, where R c , R d , 
and R e may be combined to form a ring with the adjacent carbon atom or carbon-carbon bond. 

12. A Y-butyrolactone derivative according to claim 11, wherein said bridged cyclic hydrocarbon group is a bicyclic or 
40 tricyclic bridged hydrocarbon group. 

13. A y-butyrolactone derivative according to claim 1 1 , wherein a bridged ring in said bridged cyclic hydrocarbon group 
is an adamantane ring, a perhydroindene ring, a decalin ring, a perhydrofluorene ring, a perhydroanthracene ring, 
a perhydrophenanthrene ring, a tricyclofS.a.l.O^^decane ring, a perhydroacenaphthene ring, a perhydrophenal- 

45 ene ring, a norbornane ring, or a norbornene ring. 

14. A process for producing a conjugated unsaturated compound, said process comprising the step of allowing (A12) 
an alcohol shown by the following formula (2a): 



50 




(2a) 
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wherein each of R' and R* is, identical to or different from each other, a hydrogen atom or an organic group, where 
R' and RJ may be combined to form a ring with the adjacent carbon atom, to react with (B13) an active olefin shown 
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by the following formula (3a) 
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(3a) 



wherein each of R d and R e is, identical to or different from each other, a hydrogen atom or an organic group; and 
Y is an electron attracting group, where R d , R e and Y may be combined to form a ring with the adjacent carbon 
atom or carbon-carbon bond, 

in the presence of molecular oxygen by catalysis of an imide compound shown by the following formula (1): 



0 
II 

c. 



c 

II 
0 



N-X 



(1) 



wherein each of R 1 and R 2 is, identical to or different from each other, a hydrogen atom, a halogen atom, an alkyl 
group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxycarbonyl 
group, or an acyl group, where R 1 and R 2 may be combined to form a double bond, or an aromatic or non-aromatic 
ring; X is an oxygen atom or a hydroxyl group; and one or two N-substituted cyclic imido groups indicated in the 
formula (1) may be further bonded to said R 1 , R 2 , or to the double bond or aromatic or non-aromatic ring formed 
together by R 1 and R 2 

to yield a conjugated unsaturated compound shown by the following formula (11): 




(11) 



wherein R d , R e , R 1 , R*, and Y have the same meanings as defined above. 



1 5. A process for producing an organic compound according to claim 1 , wherein (A1 3) an acetal shown by the following 
formula (12): 



R - CH\ 

O-lf (12) 

wherein each of R k , R m , and RH is, identical to or different from one another, a hydrogen atom or an organic group, 
where R m and R n may be combined to form a ring with the adjacent two oxygen atoms and the carbon atom indi- 
cated in the formula, is allowed to react with (B1 1 ) an active olefin shown by the following formula (3): 
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wherein each of R c , R , and R e is, identical to or different from one another, a hydrogen atom or an organic group, 
and Y is an electron attracting group, where R c , R d , R e , and Y may be combined to form a ring with the adjacent 
carbon atom or carbon-carbon bond, 

in the presence of molecular oxygen by catalysis of the imide compound of the formula (1), to yield a p-hydroxya- 
cetal compound shown by the following formula (13): 




(13) 



wherein R c , R d , R e , R k , R™, R n , and Y have the same meanings as defined above. 

. A process for producing an organic compound according to claim 1 , wherein (A31 ) a compound having a methine 
carbon atom and being shown by the following formula (14): 

RP-CH (14) 

wherein each of R°, R p , and R q is, identical to or different from one another, an organic group, where R°, R p , and 
R q may be combined to form a ring with the adjacent carbon atom, is allowed to react with (B1 1) an active olefin 
shown by the following formula (3): 




wherein each of R c , R d , and R e is, identical to or different from one another, a hydrogen atom or an organic group; 
and Y is an electron attracting group, where R c , R d , and Y may be combined to form a ring with the adjacent carbon 
atom or carbon-carbon bond, 

in the presence of molecular oxygen by catalysis of the imide compound of the formula (1), to yield at least one 
hydroxy compound selected from the following formulae (15) and (16): 
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(15) 



(16) 



wherein R c , R d , R e , R°, R p , R q , and Y have the same meanings as defined above. 

17. A process for producing an organic compound according to claim 1 , wherein (A31) a compound having a methine 
carbon atom and being shown by the following formula (14): 



R p - 



i 

CH 

A- 



(14) 



wherein each of R°. R p , and R q is, identical to or different from one another, an organic group, where R°, R p . and 
R q may be combined to form a ring with the adjacent carbon atom, is allowed to react with (B14) an active olefin 
shown by the following formula (3b): 




(3b) 



wherein each of R c and R d is, identical to or different from each other, a hydrogen atom or an organic group; and 
Y is an electron attracting group, where R c , R d , and Y may be combined to form a ring with the adjacent carbon 
atom or carbon-carbon bond, 

in the presence of molecular oxygen by catalysis of the imide compound of the formula (1), to yield a carbonyl com- 
pound shown by the following formula (17): 




(17) 



wherein R c , R d , R°, R p , R q and Y have the same meanings as defined above. 

18. A process for producing a compound having an electron attracting group, said process comprising the step of 
allowing (A31 ) a compound having a methine carbon atom and being shown by the following formula (14): 
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R° 

R'-CH (14) 

wherein each of R°, R p , and R q is, identical to or different from one another, an organic group, where R°, R p , and 
70 R q may be combined to form a ring with the adjacent carbon atom, to react with (B1 5) an active olefin shown by the 

following formula (3c): 



15 




(3c) 



20 wherein R e is a hydrogen atom or an organic group; and Y is an electron attracting group, in the presence of molec- 
ular oxygen by catalysis of an imide compound shown by the following formula (1): 



0 



25 




0 



wherein each of R 1 and R^ is, identical to or different from each other, a hydrogen atom, a halogen atom; an alkyl 
group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxycarbonyl 
group, or an acyl group, where R 1 and R 2 may be combined to form a double bond, or an aromatic or non-aromatic 
35 ring; X is an oxygen atom or a hydroxyl group; and one or two N-substituted cyclic imido groups indicated in the 

formula (1) may be further bonded to said R 1 , R 2 , or to the double bond or aromatic or non-aromatic ring formed 
together by R 1 and R 2 

to yield an organic compound shown by the following formula (1 8): 



40 



45 




(18) 



wherein R e , R°, R p , R q , and Y have the same meanings as defined above. 

so 19. A process for producing an organic compound according to claim 1 , wherein (A1 1) an alcohol shown by the follow- 
ing formula (2): 



OH 
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wherein each of R a and R b is, identical to or different from each other, a hydrogen atom or an organic group, where 
R 3 and R b may be combined to form a ring with the adjacent carbon atom, is allowed to react with (B21 ) a com- 
pound, having a methine carbon atom and being shown by the following formula (14): 



>P_ 



R° 
I 

CH 

If 



(14) 



wherein each of R°, R p , and R q is, identical to or different from one another, an organic group, where R°, R p , and 
R q may be combined to form a ring with the adjacent carbon atom, in the presence of molecular oxygen by catalysis 

of the imide compound of the formula (1), to yield an alcohol shown by the following formula (19): 

r 

R 8 R° 

I I p (19) 
H0-C-C-R p 

L I 



R* 



R q 



wherein R a , R b , R°, RP and R q have the same meanings as defined above. 

20. A process for producing an organic compound according to claim 1 , wherein (A32) a compound having a methine 
carbon atom and being shown by the following formula (14a): 

R p — CH < 14a > 
R* 1 

wherein each of R° 1 , R p1 and R q1 is, identical to or different from one another, an organic group, where R°\ R p1 
and R q1 may be combined to form a ring with the adjacent carbon atom, is allowed to react with (B22) a compound 
having a methine carbon atom and being shown by the following formula (14b): 

R° 2 

R P -CH (14b) 
R q2 



wherein each of R 02 , R p2 and R** 2 is, identical to or different from one another, an organic group, where R° 2 , RP 2 
and R q2 may be combined to form a ring with the adjacent carbon atom, in the presence of molecular oxygen by 
catalysis of the imide compound of the formula (1), to yield a coupling product shown by the following formula (20): 



R ol R 02 
RPLc-i-R* 2 

W* 2 



(20) 
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wherein R°\ R p1 , R q \ R 02 , R p2 and R^ have the same meanings as defined above. 
21. A process according to one of daims 1 to 3 and 14 to 20, wherein a metallic compound is used as a co-catalyst. 
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